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the  fir,  &c..  How  long  do  they  naturally  live  I  And  wliat  is 
the  sijtc  to  which  tlicy  naturally  gi'ow  ? 

These  questions  manifestly  involve  the  asaumptiou,  that 
erery  tree  ia  a  single  or  an  individual  object,  in  a  sense  pre- 
cisely analogous  to  that  in  which  an  ox  or  a  horse  ia  so  re- 
garded ;  and  they  proceed  on  the  principle  that,  howevei-  tlie 
appointed  term  of  life  and  size  of  organism  may  vary  in  diHiir- 
ent  kinds  and  species,  all  living  bemgs,  without  exception,  are 
subject  to  the  laws  of  a  limited  duration  of  life,  and  of  a 
definite  »im  of  organism. 

This  principle  \s  unquestionably  a  sound  one.  No  taw  of 
nature  is  more  absolute  or  universal  ia  its  operation  thaa 
tJie  law  of  mortality.  Every  thing  that  lives,  be  it  animal 
or  vegetable,  exists  as  such  only  for  a  certain  time,  on  the 
expiry  of  which  it  passes  into  the  state  or  condition  of  death. 
Xor  is  this  left  to  ho  brought  about  by  accidental  cauees.  By 
these,  indeed,  it  is  often  induced ;  but,  independently  of  any 
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such,  tho  cvHSfttinn  of  itA  vital  sctionn,  and  the  loss  of  ita  vital 
pmporticH,  i^  n  ftindiMtiftntal  law  of  the  constitution  of  every 
Uvinji;  being.  The  jiroviaionH  to  which  it  owea  ita  exiatonce, 
ad  by  whicli  its  vital  actions  are  for  a  time  performed,  neces- 

rily  involve  ihe  extinction  of  itB  vital  powci-s.  Sach  changes 
are  gradually  *vi-ought  in  it  by  tho  very  ajrency  of  its  vitality 
aa  are  ultimately  incompatiblo  with  the  longer  oontinuiuicc 
of  life,  and  deatli  follows  as  u  matter  of  coarse.  And  tliosc 
chnngoB  arc  attended  by,  if  they  do  not  esscntifllly  consist  in, 
n  gradually  incrcASJng  hmguoi-  or  sluggishness  in  the  activity 
of  tho  vital  processes,  and  by  a  corresponding  density  and 
rigidity  of  the  textures  comi)osing  the  organism — eonstituting 
a  state  to  wbich  tho  nanjo  of  old  age  is  given,  which  ohtflins 
uniformly  when  lil't-  ia  not  prematurely  rut  short,  and  in  in- 
dicative of  the  approach  of  deatli.  Again,  all  organized  beings 
havL-adeliuitesizeorbulkof  orgauism.  Of  lifeless  inorganic 
bodies,  it  cannot  be  affirmed  that  tliey  possess  any  sucli 
quality,  being  smaUer  or  larger  to  any  cc»iceirable  extent, 
according  as  circumstances  may  determine.  It  is  otherwise, 
however,  with  animal  and  vegetable  organisms,  which  have 
naturally  a  fixed  or  stnndai'd  size  to  which  they  grow,  and 
ipom  which  they  never  greatly  deviate.  This  fact  in  their 
history  may  not  perhaps  be  so  obviously  true  as  tliat  of  A 
limited  duration  of  life  ;  nevertlieless  it  can  be  shown  to  be 
an  er[ually  general  one,  and  Uic  exceptions  to  it  to  be  only 
apparent,  not  real. 

But,  acquiescing  in  tbe  truth  and  universality  of  the  prin- 
ciple now  referred  to,  it  may  be  confidently  asserted  in  regard 
to  trees,  tliat,  on  the  assumption  stated  as  to  tlieir  iiaturv— ' 
to  wit,  that  ovpry  individual  tree  is  an  individual  plant — there 
are  many  facts  in  their  history  which  it  ia  difficult  to  recon- 
cile with  that  principle ;  and,  generally,  that  notbioe  definite 
or  aatiafactory  has  yet  been  ascertained  respecting  either  tho 
natural  longevity  of  the  natural  size  of  any  one  species  of 
tree, — a  circumstance  vrhich  eontrusta  remarkably  with  the 
precision  of  our  knowledge,  bo  far  as  it  goes,  as  to  these 
particulars  in  the  case  of  animals,  and  the  moroj  from  tho 
facilities  that  exist  for  making  observutions  upon  trees. 
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The  ASBntnptiun,  however,  is,  1  apprehend,  afnlMBOne.  It 
may  be  Bhewn,  I  think,  in  oppoaiiioD  to  it,  nud  it  i^  the  <loKign 
of  the  foUovrioR  observations  to  prove,  tbnt  a  ti-ce  is  neiuftlly 
fl  collection  of  distinct  iodividual  plaats  of  the  oiuitc  S{)ecieH, 
ttie  prodaotion  of  tt  eeries  of  auoceastve  yewn,  nnd  tlint  of  these 
plantfi  csoh  lives  only  one  year,  attains  it«  lull  siio  within 
the  year,  and  makes  provision,  in  the  foroi  of  btuls,  for  the 
evolation  of  siuiilw  plants  the  following  senooii : — the  plants 
of  oAcIi  ycAr  Khooting  up  in  eprhig  fvaat  bods  formed  by  th« 
pliuits  of  the;  previous  y«»r,  and  growiof;  paratiiimtli/  on  the 
ptnittenl  dead  remains  of  tbcftc :  acquiring  their  matui-ity  in 
Htimmcr,  and  reaching  to  the  height  of  a  few  inches  only— • 
seldom  at  least  exceeding  one  or  two  feet;  pA«Jting  into  the 
state  of  old  nge  itud  cveiiUtally  dying  in  autumn — 5tave  only 
the  buds  which  survive  the  winter ;  and  apee<lily  after  their 
death  undergoing  decomposition  and  tlioappearing,  the  iImkL. 
stems  nnd  root»,  however,  remaining,  to  serve  tliu  purpoSM 
of  n  femporary  soil,  and  of  a /^enHtmefi^  $HecMm'cal  rttppart  to 
the  plants  of  next  yettr. 

Aecording  to  this  view,  a  tree  is  nothing  more  than  a  con- 
geries of  annual  and  comparatively  BDmll-st£ed  and  slender 
plants,  the  propnt^tlon  of  which,  from  year  to  yeitr  in  all  time 
coming,  is  cffcctunlly  provided  for  by  buds;  and  Ihu  occumu- 
lation  of  which  rn  tna-tte,  by  the  living  growing  as  para«it«8 
on  the  residue  of  the  dead,  nccesi^nnly  kcepn  jtAce  with  tho 
annnal  succcMion  of  phints.  And  if  tUiit  be  the  true  account 
of  the  nature  of  trees,  and  of  Uic  mode  of  their  formntjon,  It 
will  of  course  follow,  tJiat  a  tree  is  un  individunl  precisely  in 
th«  sAtne  sense  as  a  body-coi-[)oratc,  or  aM  a  genealogical  tree, 
snd  that,— contrary  to  the  common  opinion,  but  consistently 
with  tho  principle  before  adverted  to, — tiere  rcill  be  wo  Umil, 
except  from  purely  accidvntal  cjinses,  to  the  nze.  it  wag  allaw, 
^r  the  tiumOtr  of  years  it  may  live. 

Tho  views  thus  briefly  set  forth  fti)pear  to  me  to  poascsa 
considerable  interest  in  relation  to  the  questions  stated  nt  the 
oataet,  inasmuch  as,  if  well  founded,  they  sujiply  us  with 
principles  for  the  satisfuctory  sulution  of  tliem,  and  thus  sei-ve 
lit  once  to  give  precision  to  our  ideas,  and  to  peiiere  our  cu- 
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rio&ity  in  regard  to  Uie  natural  longevity  and  siu;  of  Oiis  clans 
of  objecUi.  Moreover,  Uiey  seem  to  mo  peculiarly  interesting, 
a»  fvincing  the  VHi>eQtial  unit^  of  the  plana  in  this  departuiem 
of  His  works  of  tlic  Autlior  of  Xaturc,  and  as  afTurding  tiR' 
equivoeal  indications  of  design.  For,  if  wc  van  [iCKcirc  tin 
same  general  principle  to  pon-ado  alike  the  economy  of  /ra€' 
ptanh,  which  appear  to  live  for  ages  and  to  grow  to  an  enor- 
mous size,  and  that  of  confessedly  anniinl  and  obviously  very 
Bmall  plants,  which  completely  disappear  at  the  close  of  every 
season,  it  cannot  but  enhance  our  conviction,  that  the  whole 
vegetable  kingdom,  the  extremes  of  it  thus  meeting,  proceeds 
&<Hr  one  and  the  same  Creator.  And  such  a  principle  wa 
may  pei-ceive  ;  for  both  the  one  and  llie  other  are  strictly  an- 
nual and  moderately  sized  plants,  and  are  constructed  ex- 
actly on  the  same  general  plan.  Certain  peculiarities  there 
are,  indeed,  in  the  economy  of  (ree-plants,  viz.,  tlie  property 
of  gi'owiug  as  parasites  on  their  fellows,  and  the  persistency 
of  their  dead  stems  and  roots, — pecwliarities  loading,  in  tha 
course  of  years,  when  (lie  species  is  greatly  multiplied,  to  the 
formation  of  the  masses  known  as  trees.  These  peculiariticB, 
however,  in  a  physiological  point  of  view,  or  in  reference  to 
merely  physical  causes,  are  entirely  unessential.  They  are 
important  only  in  relation  to  final  causes,  or  as  furnishing 
conclusions  in  Natural  Theology.  And  with  reference  to  these 
they  are  most  important.  For  they  clearly  bespeak  a  design 
or  purpose  in  the  mind  of  the  Creator :  provisions  they  are 
of  His,  whereb}-,  out  of  short  and  slender  annuals.  He  forms 
timber  for  the  use  of  man,— a  substance  which,  if  not  indis- 
pensable to  tlie  existence,  ministers  at  least  in  a  thousand 
different  ways  to  the  comfort  and  wellbeiog,  of  our  race ;  hut 
the  production  of  which  would  he  impossible,  did  not  the 
economy  of  the  plants  in  question  thus  differ  from  that  of  all 
other  annuals. 

The  principles  now  advanced  in  regard  to  the  nature  of 
trees  have  no  pretensions  to  originality.  Though  not  HUg- 
gested  by  any  knowledge  or  recollection  of  the  circumstance, 
they  are,  in  fact,  the  principles  long  ago  put  forth  by  M.  Du 
Petit  ThouarB,  respecting  tbe  nature  of  buds.    The  applica- 
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tioR  of  tliem,  however,  here  mode  to  the  questions  already 
Bpeciiied,  does  not  appear  to  have  cutered  into  Uie  view  of 
jrthAt  inj|;cDioii»  pbysiologist.  So  for,  at.  least,  as  I  can  gather 
firom  the  writings  of  Richard,  Lindley,  and  others,  M.  Thouars 
Bccms  to  have  applied  them  only  in  explanation  of  the  nature 
ftnd  the  mode  of  formatioii  of  the  woody  layer  ftonually  pro- 
duced in  exogenous  tree:^.  At  all  events,  both  the  prineipleix 
thcmEclves,  and  the  application  I  have  made  of  them,  muni- 
fcBtly  differ  ft'om  the  views  commonly  entertained  as  to  the 
nature  and  the  natural  longevity  and  aizo  of  trees.  Nor  can 
I  iind  anything  amounting  to  a  distinct  recognition  or  dc- 

Clailod  exposition  of  them  in  any  of  our  systematic  works  on 
Botany.  If  thpT  are  correct,  however,  their  scientific  interest 
ttnd  importance  clearly  demand  this,  even  in  the  merest  outr 
line  that  can  be  ^ven  of  vegetable  physiology.  And  as  the 
evidence  in  support  of  them  appears  to  mo  conclusive,  I  am 
inclined  to  hope  that  the  present  attempt  to  bring  them  pro- 
minently forward  may  not  be  deemed  undeserving  of  atten- 
tion.* 

In  proceeding  to  vindicate,  and  more  fully  to  illusti-ate, 
Uiose  principles,  it  is  dcsU-able,  in  tiie  first  instance,  to  in- 
qoire  what  is  known  in  regard  to  tlie  natui-al  longevity,  and 
the  natural  size  of  trees,  according  to  the  view  usually  taken 
of  the  nature  of  this  class  of  objects.  The  inqnii^,  by  shew* 
ing  how  imperfect  that  knowledge  is,  and  how  difficult  it  is 
to  impart  to  it  any  character  of  precision,  will  natm'ally  pavo 
Uie  way  to  the  consideration  of  the  principles  in  question,  and 
probably  dispose  to  a  moi-e  cordial  reception  of  them. 


■  Since  thete  olBtrvalions  were  pnt  together,  I  linvc  eeea  a  foot-nolc  in 
Bogat'i  Brldgcwatcr  Trentise  (vol.  ii..  pp.  CS5-6,  3d  Ed,),  wberem  the  view* 
promiilgated  in  tbo  text  nre  liricfly  htnt-cd  ut,  on  tho  bSgli  nutboirity  of  De 
Cuidal«.  Morv  nt^eoUy,  1  hnva  hod  tbr>  aatlnfaction  of  tindiiig  a  clenr  aiui  dit- 
tlact  itiitemeQl  of  them  in  Dr  Cnrpeotet'a  itanaal  of  PliyHiology.  "  A  foreaC 
tTMnmy  goon  extending  itself  to  aa  nlmoEt  indefiiiitp  citoii  t  *,"  "  but  tbo  increuo 
lapradoccd,  notMmadi  b^the  contJmtcd  dovolopmentDf  tbeindividunl,  be  by 
tt*  eonliBDCd  productiun  of  now  imJivMuaU  wbicb  rviuuiu  in  comic ctioii  with 
ths  ortgliwL  Thua,  covb  bud  of  n  tree  maybe  regarded  as  o  dlitinct  Lodivictual ; 
becaluir.  If  placfid  uiiiliT  fuvoiirnbtu  ciruumatitDcee,  it  ciui  amintuin  ita  lifs  by 
itMlf,  Bod  eta  perform  ail  tb«  actiooi  proper  to  the  epeolci." — Pg.  S,  3. 
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no  idea  whatever  of  tJie  natural  or  allotted  duration  A&d 
BiM  of  trees.  They  do  not  even  inform  us  a8  to  the  extreme 
liinita  to  which  their  Uvea  may  be  protracted,  or  the  extrcm* 
height  and  thidcness  to  which  they  may  grow.  For  it  may 
be  confidently.  a«Hert«d,  that>  in  different  parts  of  tlie  world, 
there  arc  individaals  of  altnottt  all  kinds  of  treeti  which  have 
already  stood  as  many  years,  and  grown  to  as  great  a  sixe  aa 
any  of  tho  species  have  ever  been  known  to  do,  and  mnny  of 
which  are  still  vigonms  anil  growing,  and,  what  is  remark- 
ahlo,  exhibit  as  yet  no  itignit  of  what  can  properly  be  regarded 
as  old  age.  Much  of  their  trunk  may  be  hollowed  ont  ftxHa 
decay  of  the  heurt-wood,  and  many  of  their  larger  branches 
may  have  been  dcstroyud  in  the  lapse  of  time ;  but  the  great 
body,  or  a  large  part  of  many  of  them,  remains,  and  erinces 
as  groat  activity  in  tlie  vital  processes  as  ever,  i'.  e.,  is  the 
scat  of  as  vigorous  a  circulation  of  sap,  and  forms  and  putt 
forth  leaves  and  flowers,  and  fmit,  aa  large  and  perfect  SiB  in 
its  earliest  years,  and  is  every  year  faai-ing  additional  balk 
^ven  to  it. 

Tho  conaideratlooH  now  stated,  and  especially  the  facts  re- 
lative to  the  Banian,  may  very  naturally  suggeet  a  doubt, 
whether,  with  respect  to  their  longevity,  there  is  not  some 
peculiarity  in  trees  beyond  a  merely  very  prolonged  exist- 
ence ;  nay,  though  (according  to  the  common  opinion  aa  to 
their  nature)  it  seems  absurd  seriously  to  entertain  the  idea, 
whether  there  ia  not  in  their  case,  so  far  as  yet  appeara,  an 
actual  exemption  from  tho  law  of  mortality.  Some  such  idea, 
at  least,  may  not  unreasonably  be  supposed  to  have  been  in 
the  mind  of  Richard,  when  he  remarked  of  the  cedars  of  Le- 
banon, that  they  appear  to  be  indestructible, — a  remoi-k  which 
ia  still  more  applicable  perhaps  to  the  Banian,  but  \fhicli,  if 
it  has  any  meaning,  is  equivalent  to  saying,  that  they  appear 
to  live  for  ever,  and  obviously  involves  the  assumption  that 
the  law  of  mortality  is  not  universally  operative. 

Such  is  the  present  unsatisfactory  state  of  our  knowledge 
■with  respect  to  the  longevity  and  the  size  of  trees,  regard  be- 
ing had  to  the  pnpuliir  notion  as  to  their  nature.  In  the  case 
of  each  species  of  animal,  the  natural  term  of  life,  and  the 
appointed  siae  of  organism,  are  either  known  to  us,  or  may. 
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intliout  atfficuHy,  be  ascertained  by  us.  With  regard  to 
trees,  howevcv,  of  whatever  species,  these  points  in  their  hta- 
tcry  may  be  said  to  be  absolutely  unknown  to  as,  and  that, 
too,  us  before  observed,  notwithstanding  the  facilities  wliich 
exist  for  making  observations  npon  them.  Every  such  object 
is  looked  upon  as  a  single  individual,  in  the  same  sense  that 
a  man  or  a  dog  is  bo  regarded  ;  and  while  it  is  believed  to 
be  subject  to  the  law  of  mortality,  and  to  the  law  of  a  definite 
size  of  organism,  it  is  believed  also  to  be,  as  compared  with 
anv  known  animal,  very  long-lived,  and  capable  of  attaining 
to  a  gigantic  bulk.  But  no  more  precise  idea  than  this  i« 
cntortftined  as  to  its  longevity  or  its  size,  and  even  this  view 
of  the  matter  is  beset  with  considerations  of  perplexity. 


1^' 


II.  But  if  the  principles  foimerly  advanced  in  regard  to 
the  nature  of  trees  are  well  founded,  that  pei-plexity  will  be 

iviated,  and  an  accurate  idea  may  be  formed  as  to  the 

igevity  and  the  size  of  tliis  class  of  objects. 

Agreeably  to  those  principles,  a  tree  is  not  what  it  ii  nsu- 
«lly  regarded,  nor  what  it  appears  to  be,  a  single  or  an  indi- 
Tidoal  plant,  capable  aa  such  of  living  for  many  years  or  ages, 
aad  of  attaining  to  an  enormous  size.  On  the  contrary,  it  is 
a  collection,  congeries,  op  congregation  of  individual  plants 
of  the  same  species,  the  production  of  a  scries  of  succesaive 
^rSj  and  consists,  at  mid-summer,  partly  of  living  and  oo- 
lipc  plants,  the  produce  of  the  existing  year,  and  partly  and 
chictly  of  the  persistent  dead  remains  of  the  plants  of  by- 
gone years.  Aud  of  the  individuals  composing  it,  each  Uvea 
only  one  year,  reaches  its  full  size  within  the  year,  and  on 
dying  at  the  close  of  it  completely  disappears,  save  only  the 
buds  which  survive  the  winter,  and  the  dead  stems  and  roots 
which  are  to  serve  the  purposes  both  of  a  temporary  soil,  and 
of  a  permanent  mechanical  support  to  the  plants  of  next  year. 
And,  accordingly,  the  production  of  the  aggregate  of  dead 
and  living  plants  is  referable  to  the  living  plants  of  each 
year  growing  parasitically  at  the  extremities  of,  and  also 
cither  around  (as  in  Exogens)  or  within  (as  in  Endogens)  the 
dead  etema  and  roots  of  the  plants  of  the  previous  year. 

Those  principles,  however,  it  may  bo  remarked^  are  ooly  a 
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part  of  a  propoeitiou  in  TOgctablc  physiology  of  a  still  mate 
general  cliuructer ;  and  it  may  conducu  to  a  clearer  opprehen- 
bIuo  of  them,  to  bring  tJiat  proposition  formally  into  view.  It 
uwy be  tUus stated: — Tlmt  all  plants,  without excf^ption,  even 
ttitfue  called  pfii'eiiniAl,  are  strictly  annual  produtitwnft,  live 
th«rcfor«  only  one  year,  and  reach  Uietr  full  diwenitiona  with- 
in tlio  year;  tliut  i»  to  aay,  that  all  plants  spiing  up  anew 
each  year,  cither  fi-oui  ftcvdtt  or  bwds,  and  tttuin  their  uutta- 
rity  within  the  ycar,-rforniing  in  the  nounc  of  it  either  wadB 
or  bude  (or  both)  for  Iho  dvvclupmont  of  similar  plants  tho 
following  year ;  that  as  tlto  Season  advances,  their  vital  ac- 
tioDs  languish,  and  a  change  in  the  mutter  of  their  ortftinisui 
takes  place,  both  constiLutiiif'  their  old  n^e ;  that  ut  the  close 
of  the  season  they  die  ;  thnt  then  the  stnietai-Cfi  composing 
them  speedily  undergo  cither  an  entire  or  a  partial  dtsin-  ■ 
tegratioo  :  in  the  one  eo^e,  wholly  disappearing,  in  the  other, 
flome  portion  renmijiing  to  »cr%c  ulterior  pnrposee  in  the 
vegetable  economy  of  nature,  but  still  remaining  only  as  dead 
vegetable  matter.  And,  in  connection  with,  and  as  forming 
piu't  of  this  general  proposition,  that  the  only  ditl'erence  be-  _ 
tween  tiie  plants  called  annual,  and  those  called  perennial  is,M 
tlmt  while  the  former  produce  seeds  only  for  tJie  propagation 
of  tbe  c<pecic8,  and  are  roared  annually  from  seeds  alone,  tlie 
latter  produce  both  seeds  and  buds,  and  yiia  perennial,  spring 


up  each  year  from  buds ;  and,  therefore,  that  seeds  and  budaa 
are  potentially  of  tbi;  t^ame  nature  ;  the  only  difference  be- 
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tween  them,  and  tlmt  not  a  uniform  one,  being,  tJiat  seedft^ 
are  Irvii  and  detached,  buds  fixed  and  adherent.* 

If,  now,  the  question  be  formally  proposed  in  regard  to  ( 


*  M.  Du  Pclil  Tlianuis;  Bee  Iticlinril.  Op.  oit.,  Ji.  103. — "  Lcs  baurgoont 
donnent  nuibsance  JL  dv»  tciMur  ou  jeun«fl  tirnnofiea  chargApsdL-  IVuJltea,  ct  1<<  plut 
■nuvenl  de  a«urs.  Clwqiic  bourgDon  a  uno  ciiiUnoe  en  quelciuo  Borio  Indcpon- 
dtute  de  ceIIh  do  uilUu.  M.  Du  Pl^lit  Tliouu*  leu  regm-ilc  (loiiime  anniojiuMi 
l|An>  Icur  d«T«lo]il)eaiL>iit  «t  lour  atruclurc,  uux  tinlirjoiui  rcnl'rruiAi  dani  I'lo- 
toHpur  df<ii  ^mintu.  qut.  pur  I'Huld  do  f^rrnibiutlon.  dnvnlopjj^iil  uui*  j«uii4  Itgt 
.^UH  Voa  jicut  eomparfi',  uvcc  jiulo  nlion,  ikU  Mlon  prodult  par  revolution  d'uo 
ur^con.  Auul  iltuin^t-il  i  oof  durnivnt  In  nom  i'mtryevi  Jl^it  ou  adharen*^ 
Lpttr  opputitiim  ii  cdul  ii'wibr)/on>  iibttt,  osucrvA  pom  Max  rcofenuM  diuu  llu- 
nr  do  Ia  grtiiw." 
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given  tree,  How  long  does  it  naturally  lire  !  Uie  otuwer  must 
be— contrai-y,  however,  to  the  cotomon  opinion — Uiat  Uiere  in 
DO  limit  to  tlie  tige  it  may  attain,  or  tlio  Dumber  of  ycarit  it 
may  liv«,  except  wbot  js  imposed  by  purely  aecidenftti  cau»cs  ; 
bttOAUJiM!.  acoorUiiig  to  Uie  principles  insititt-il  ou  a»  Ui  thv  na> 
turo  of  trcee,  tiiere  is  no  natural  limit  to  tbo  aiuiuul  propa- 
gMJou  from  budx  of  tlie  iiuiivldtml  plants  of  which  every  such 
object  lA  truly  composed.  According;  to  this  view,  the  obser- 
vation of  Bicbard  furuierly  quoted,  to  wit,  that  the  cedars  of 
Li^btuioQ  appear  to  be  indetntructible,  is  perfectly  iutelligible, 
iDvolveD  no  violation  of  the  principle  that  all  liviog  bcingR 
are  sabject  to  ihe  law  nnd  the  dominion  of  death,  uud  is  ap- 
plicable besides  to  all  trees.  And  if  it  be  asked  in  rettpuct  of 
any  given  tree,  what  is  the  size  to  wliich  it  naturally  gi-owx? 
the  proper  answer  ib — contrary,  again,  to  the  popular  belief— 
that  there  is  no  natural  limit  tliereto,  and  no  actual  limit, 
except  from  euch  accidvntul  causes  as  prevent  the  formation 
of  buds,  or  the  evolution  of  now  plantm  there&om. 

If,  howevei',  the  like  questions  be  put  in  respect,  not  of 
individual  Ireet,  but  of  individual  tree-planU — of  the  oak,  the 
elm,  the  Gr,  for  example,  viewed  simply  aa  plants,  and  inde- 
pendently of  their  pai'asitic  rvhitions.to  others  of  tlieir  rc- 
qiective  species,  veiy  different  answers  must  bu  rc-tunied. 
The  answer  to  the  former  question  will  be,  timt  they  live, 
one  and  all  of  them,  only  for  a  single  year,  and  arc,  as  I'c- 
gards  their  longevity,  on  tlie  same  tooting  with  confessedly 
annual  plants.  And  in  answer  to  the  latter,  it  may  sufiice 
to  state,  that,  as  they  all  attain  their  umtui-ity  within  the 
year,  so  the  size  of  any  of  them  may  be  accurately  judged  of 
by  observation  of  the  seedling  plants  of  its  kind  growing  in 
the  foi'ester'B  nursery,  or  of  the  yearly  shoots  issuing  from 
the  buds  on  a  tree  of  that  particular  species ;  anri  that  while 
subject  to  some  variety,  it  does  not,  in  general,  in  any  spe* 
eie«,  exceed  a  few  inches,  or,  ut  tJno  utmost,  a  very  few  feet. 

But  if  the  rcpruMcntation  which  has  been  made  of  tlieir 
lUtture  is  well  founded,  Low  comes  it,  it  may  be  asked,  that 
we  nowhere  find,  whiit  we  might  expect  to  see,  trees  evincing 
by  tlieir  appearance  tliat  they  are  probably  coeval  with  tlic 
creation  of  the  world — coeval  at  least  with  the  deluge,  or  the 
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age  :mmedi«t«1j  sacceeding  tliat  catastrophe  I  Assamtng 
that  none  such  exist,  it  is,  I  apprehead,  a  sufficient  answer 
to  that  qaestioD,  to  say,  tliat  no  tree  then  existing  has  been 
able  to  withRtand  the  "  manifold  changes  and  chaacea"  of 
time.  All  dead  organic  matter  is  subject  to,  and  aoiMior  or 
later  undergoes,  chemical  change  and  disintegration  ;  and  hj  ■ 
rcaBon  thereof  the  liciirt-wood  of  every  trt-e  diiiappcirs  after 
&  time,  leaving  the  trunk  hollow  within,  often  reducing  it  to 
a  mere  sbell.  and  thus  necetiHarily  weakening  the  mechanical 
support  given  by  it  to  the  superincumbent  mass.  Again, 
after  a  tree  has  ittood  for  many  years,  the  vast  lieight  and 
breodtli  of  snrface  presented  to  the  wind  will  enable  this  to 
act  on  it  tu  its  destruction  at  an  advantage  inBnitely  greater 
than  in  its  earlier  years.  And  it  is  obvious  to  remark,  that 
the  older  a  tree  becomes,  its  liability  to  be  uprooted  by  any 
passing  sturm  of  wind  inci'eases  in  a  double  ratio;  on  the  one 
band,  from  its  greater  si:ce,  and  on  the  otlier,  from  the  more 
extensive  decay  and  removal  of  tie  heart-wood.  Add  to 
these,  the  exhaustion  of  nourishment  in  the  soil,  which  may, 
and  often  does  occur,  and  the  inevitable  occurrence,  in  the 
course  of  ages,  of  a  thousand  otlicr  destructive  influences — 
of  frost,  fire,  lightning,  hurricanes,  the  necessities  and  tlie 
caprices  of  man  himself. — and  a  calculation  of  cbaucea  puts 
it  beyond  all  doubt,  that  every  tree,  or  almost  every  tree, 
then  existing,  must  long  ere  now  have  disappeared  firom  off 
the  face  of  the  earth. 

It  remains  to  substantiate  the  allegatjons  that  have  been 
made  in  regard  to  the  nature  of  ti-ees.  If  tliese  can  be  esta- 
blished, the  inferences  as  to  their  natural  longevity,  and  their 
natural  size,  mnst  necessarily  be  true. 

Now,  tlic  evidence  to  be  adduced  will  constst  in  shewing, 
^ril.  That  the  annual  growths  proceeding  from  the  buds  con- 
stitute, severally,  perfect  and  independent  plants ;  and  that  a 
succession  of  such  plants  may  be  kept  up  from  year  to  year, 
for  an  indefinite  period, from  buds  alone  ;  and,  wccnd/if,  That 
at  the  end  of  the  year,  the  annual  plants  or  growths  in  ques- 
tion, with  the  exception,  of  course,  of  the  newly  formed  buds. 
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ecuo  to  be,  and  never  afterwnrds  become,  the  se&t  of  Kay 
vitftl  action. 


I.  Firat,  then,  the  annual  growths  emanating  from  the 
buds  constitatc,  severally,  perfect  and  independent  plants ; 
and  a  HucceBBion  of  such  plants  may  be  kept  up  from  year  to 
year,  for  ever,  from  luda  atone. 

On  the  retm-a  of  epring,  "when  the  earth,  by  an  annual 
miracle,  rtsee  again,  as  from  her  grave,  into  life  and  beauty," 
we  see  the  buds  on  each  of  the  stems  of  the  previous  year, 
first  swelling,  and  afterwards  sending  out  an  entirely  new 
stem,  new  leaves,  flowers,  and  buds,  all  of  which  are  per- 
vaded and  connected  together  by  a  new  itet  of  circulating 
veeselit  or  cells.  And  in  the  couri^e  of  the  season  seed  forms 
and  is  motored.  Now,  in  this  annual  formation,  wo  have 
iMaiDg  from  the  buds  on  the  stems  of  last  year  all  the  part« 
essential  to  the  constitution  of  a  perfect  plant ;  and  on  the 
new  stem  of  this  yoar  we  have  buds  pi-ovided  for  the  evolu- 
tion of  such  a  plant  next  year. 

With  the  view  of  shewing  more  distinctly,  at  onee  the  in- 
dividuality and  the  independency  of  the  growths  thus  formed, 
and  their  claim  to  he  regarded  as  perfect  plants,  and  the 
ability  of  each  of  them  to  reproduce  its  hind  annually  in  end- 
less perpetuity  from  buds,  I'eferc-nco  may,  in  thij  first  in- 
ttoncc,  be  made  to  what  obtains  in  the  potato-plant — a  plant 
which,  though  not  a  ti'ee,  contaius  all  the  elements  of  one, 
imd  is  equally  pei-ennial  in  its  duration  as  any  tree.  The 
tuber  familiarly  known  as  the  potato  bears  an  exact  resem- 
blance to,  and  is  essentially  of  the  same  nature  with,  the 
yearly  shoot  or  stem  of  a  tree.  It  is,  in  fact,  an  underground 
stem,  consisting  of  a  layer  of  bark,  and  a  layer  of  woody 
tissue,  enclosing  a  mass  of  pith,  and  furnished  with  buds. 
This  underground  stem,  when  planted  in  spring,  sends  out 
from  each  of  its  buds  a  growth  which  has  a  stem  (under- 
ground), and  leaves  and  flowers,  and  forms  buds  and  seed, 
Btmcttires  which  ai-e  exact  countei-parts  of  those  composing 
the  growths  issuing  from  the  buds  of  trees.  Does  any  one 
doubt  tliat  the  annual  potato-growths  constitute  perfect  and 
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indcpeodrat  plwtUi  (  I>m«  lajr  on«  <loabt  thai  from  the  bods 
alotM,  withottt  *ror  having  reeonne  to  Heed,  a  sacceasion  of 
sodi  [ioUtto-pl&Dt«  noAif  be  kept  up  from  year  to  yeur  for 
•rer?  I  npprchpnil  not  If  w),  we  are  wairanted  in  aaorib- 
ing  the  same  chumrter  to  the  nnnual  gpiiwtlia  of  tree-plants 
enuinntini;  from  tiicir  buds,  and  in  inferring  that  the  flumes- 
■iou  iif  them  from  year  to  year,  as  coo^regAtcd  togoilicr  mi 
eonitlituting  a  tree,  may  equally  go  on  for  eyer. 

Tho  only  differenoe,  in  fact,  between  »  tree-plant  and  tl»e 
potato- [ilant,  lies  iti  tlie  sitantion  of  thHr  rospertire  stpms. 
in  the  chnni^s  which  those  and  their  roo*«  rcspcctirely 
undergo  after  tosio!*  their  vitality',  and  In  the  habitttdes  of 
tbstr  rMpectlvo  otriipring ;  the  Ktem*  of  the  one  being  abore, 
tkoM  of  the  other  under  gronnd  ;  the  dead  stems  and  roots  of 
|b«  one  eontintiiiig  undMsorapoaod  nnd  peraistent  for  years  or 
ftgva,  those  of  the  other  decaying  early  the  following  year, 
when  planted  or  left  in  the  ground,  and  passing  awny  ;  the 
oBVpring  nf  the  one  growing  togetlier,  and  as  parantea,  oo 
tiip  tH'rsiHioiit  ili-ad  remains  oi"  their  i»arent.  those  of  the  other 
striking  tluwii  Miiigly  and  ftepamtely  into  tlie  noil,  and  having 
no  oonncctioii  with  any  jxirtion  of  their  parents,  the  residue 
of  whteh  haa,  In  faH,  ere  now  wholly  diaappCAred,  and  no- 
thing n-niaining  nrvtind  which,  as  a  common  centre,  and  a 
fiiwhnnival  Kupiwrt,  they  ornld  grow  n«  parasiteA.  Had  it 
■nlteil  thi'  |iurfMM«a,  Immediate  nnd  remote,  whieh  the  Aatbor 
of  Natui-o  had  In  ylew  in  giving  tliem  exisleiiee,  we  migtit 
hkT*  luul  the  respet'llve  peeuliarities  in  tlte  economy  of  the 
planU  ooinplctely  rerei-wd, — the  potato-plant  nnd  its  progeny 
gHwitig  together  and  (inriunticallr.  and  forming  by  theb* 
nggiTgntltin  a  tnic  potatMnnv  fniitaxtic,  douhtloss,  In  its 
ftapect,  but  iMswdBing,  as  a  whole,  the  name  individnBlity 
ivhtrh  rommon  npintoii  nfcHbes  to  an  ordinary  tree,  and  tfao 
iii'pitnito  plnul*  Wing  ivgnnliM  am!  spoken  of  merely  m  an- 
nuitl  gniwlhs ;  the  trce-plaula,  on  the  contrary,  growing  and 

txl"'!'    I     i' '—   vcar  bv  yeat- as  distinct  and  scrpnrAtc 

llnll^ I  oiilh"!  nnnnnl  growths  being  looked 

npon  aa  perfect  and  independent  planto. 

Hi'vcrling,  now.  tn  what  lakes  place  in  trees,  the  proccBses 
ofgnUiing,  uf  budding,  and  of  slipping,  seem  to  me  to  furnish 
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Bufficicnt  cvidonco  tJiat  thv  nllct^utioDB  made  aa  to  the  annual 
growOiA  «r<>  weli-founded,  and  indeed  to  lie  explicable  only 
by  ft  reference  to  the  principles  involved  \n  (hum,  From 
tlie  yearly  bud  taki^n  from  one  kind  of  tree  and  dnly  gruft«d 
on  anotliep,  of  the  same  natural  fitinily,  though  of  a  ditferent 
species,  we  obtnin  the  following  year  a  gi-owth,  and  in  tho 
coarse  of  yeavs  a  tvee,  exactly  similar  to  the  tree,  and  to  the 
other  growths  of  the  tree,  whence  it  was  derived  ;  (ho  tree 
UiHw  formed,  tliough  growing  on  another.  pre9en,'ing,  never' 
thelcUfi,  its  "wn  distinctive  character,  having  ils  own  pcca- 
liar  leaves  and  hinsaora:  producing  its  own  peculiar  fruit,  and 
tieing  In  CTeiy  way  as  perfect  a  tree  as  if  it  had  been  raised 
from  a,  seed,  and  had  gi-own  up  independently  from  the 
ground.  And  it  ia  not.  unimpm-lant  to  obsei've.  as  instanced 
in  our  various  "  frait "  trees,  that  any  particular  vanety  may 
be.  In  this  way,  not  only  multiplied  indefinitely,  but  preserved 
in  perpetnilif,  although  the  ovi^nal,  or  any  single  tree  of  tliat 
variety,  will  not  (from  accidental  causes,  however)  continue 
to  last  for  ever.  Similar  observations  apply  to  the  indelinite 
nuItiplicAtton  and  endless  perpetuation  of  such  trees  (e.g. 
the  willow)  as  admit  of  being  nvtificially  propagated  by  Blips 
OP  layers.  And  it  is  thus  that  the  Banian  tree  extends  itself 
natarally,  dropping  branches  provided  with  buds,  fixing  thera- 
Belves  in  the  soil,  and  becoming  vast  trunks,  and  these  i-endily 
convertible  (I  presume)  into  separate  and  perfectly  inde- 
pendent tives,  by  artificially  severingtheir  connections  above. 
And  the  treea  Uma  produced  ailmit  of  a  similar  extension, 
and  the  trunks  proceeding  from  them  of  a  similar  conversion! 

The  evidence  adduced  under  this  general  head  seems  to 
me  complete  and  decisive.  It  may  be  asked,  however,  where 
are  the  raolB  of  the  annual  growths  (and  alleged  perfect 
plattta)  iti  trees  \  And,  again,  what  in  there  in  avowedly 
anntuil  and  perfect  plants,  or  even  in  such  perennial  plants 
as  tbc  potato,  analogous  to  the  moodtf  laiier  in  exogenous 
tfeOB,  which  extends  downwards  from  the  base  of  tlio  shuois 
into  tJic  soil ! 

These  <ineatiou8  may  easily  be  answered.  With  reference 
to  the  foi-mer,  it  may  be  remarked,  that  the  circumstance 
of  tJio  growths  in  question  being  dc3titut«  of  true  tgots,  &u^- 
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(losing  this  to  be  tlio  cnse,  would  by  no  means  teke  fettJ^ 
them  the  chitrhcter  of  cntiro  and  perfert  plants,  if  it  could  be 
ulicwn  Unit  tlic  office  of  roota  is  otherwise  adequately  pro- 
vided for.     And,  with  rofcrcnoo  to  the  latter,  it  may  he  ob* 
served,  tliat  the  favt  of  n  Htructiiro  entering  into  their  con< 
stitution,  not  existing  in  other  plants,  woald  not  at  all  aBeot 
their  claim  to  bo  so  regarded,  particularly  if  it  could  be  Bbewi^ 
that  Uiat  structure  i^  required  to  meet  some  condition  o^| 
tlieii'  existence  peculiar  to  Uiemsclvcs,  or  to  servo  Bome 
ulterior  purpose  in  (be  economy  of  nature.     And  tlie  woody 
layer,  it  i»  to  be  i-cmembered,  is  strictly  an  annual  formation, 
and  80  far  accords  with  the  view  taken  of  tJie  growtlis 
question  as  being  annual  plants. 

Now,  the  structure  referred  to — the  woody  layer— olearl; 
Kubservea,  immediately,  tlie  piirpooe  of  a  mechanical  suppoi 
to  the  growths  or  plants  of  the  same  year's  formation  witJi  it-* 
self,  and  remotely  that  of  producing  timber.   Without  it  trees 
could  scarcely  grow  at  all,  or,  if  tlicy  could,  would  be  of  little 
use  to  man.     But  it  serves  also  the  oflBco  of  roots  to  those 
growths  or  plants,  tietiig  the  channel  by  which  tlie  nutritive 
matters  in  the  soil  are  conveyed  upwards  to  the  growing 
stems,  and  leaves,  and  flowers.     And  if  it  tlius  serves  these 
various  pui-posos,  the  questions  stated  must  be  regarded  SA 
satisfacturily  disposed  of.    The  only  question  will  be,  whetliei^| 
the  woody  layer,  in  its  origin  and  mode  of  formation,  be 
actually  of  the  nature  of,  or  rather  identical  with,  roots,  ani^— 
only  secondarily  intended  for  a  mechanical  support,  and  fo^| 
the  production  of  timber;  or  whether  it  is  truly  a  special 
formation  for  tlie  accomplishment  of  these  latter  objects,  aod^ 
only  virtually  of  tJie  nature  of  roota  ?  ^| 

After  what  has  been  stated,  however,  this  other  question 
is  of  no  real  practical  importance  in  relation  to  our  present 
inquii-y.  The  woody  layer  may  be  formed  in  the  manner 
that  M.  Du  Petit  Tliouars  supposes,  or  in  that  insisted  on  hj^| 
M.  Mirbel  and  otJiers.  If  in  the  i'grmor,  it  constitutes  trua^ 
roots,  and  is  nothing  more  than  "  a  mass  of  roots  ;"•  if  in 
the  latter,  it  is  only  virtually  roots.     The  mode  of  its  forms 
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tion,  however,  and  its  precise  cliaracter,  is  unimportant. 
Still,  if  it  ia  genaine  roots,  as  M.  Thouara  maintains,  and  as 
Dr  Lindley  and  Dp  Carpenter  agree  with  him  in  lielieving," 
it  will  at  once  follow  tlmt  llie  gi'owUis  in  (juestion  have  roots, 
anil  that  having  theso,  they  have  no  cxtt-aiicous  clement 
entering  into  their  compoBition.  And  a  positive  and  very 
valuahle  fact  will  be  added  to  tbe  general  hody  of  evidence 
already  adduced  In  support  of  the  view,  tliat  tliose  growthi 
possess  the  cliaracter  usmbcd  to  them. 

II.  Secondly,  at  the  close  of  every  yeai-,  the  annual  growths 
or  plants,  with  the  exoeption,  of  coui-sc,  of  the  nowly-fonned 
buds,  cease  to  be,  and  never  afterwords  become,  the  Beat  of 
any  vital  action,  i.e.,  they  die,  and  never  afterwards  live. 

This  is  sufficiently  obvious  as  regards  the  leaves  and  flowers, 
which  wither,  fall  olf,  nnd  completely  disappear.  It  is  equally 
true.  Jiowevcr,  of  what  remains  of  the  other  parts  of  thu 
plants,  t.e.,  of  the  roots  nnd  the  woody  stems  or  shoots. 

But  on  what  grounds  are  we  entitled  to  say  that  these  parts 
then  die.  and  never  again  live  ] 

1.  In  the  first  place,  because  after  the  fall  of  the  leaves, 
and  daring  Hubseqnent  years,  no  growth  or  increase  of  the 
organic  matter  composing  them  takes  place,  as  should  bo 
exhibited  in  an  increase  of  their  length  and  tliicknei^s,  and 
producod  in  the  way  tliat  the  leaflet  of  spring  Is  E^radtuilly 
developed  into  the  full  grown  leaf  of  summi^r.  They  appear. 
Indeed,  to  elongate  and  become  thicker,  i.  e.,  to  grow  in  length 
and  breadth.  This  grov^th,  however,  is  not  a.  real  extension 
of  the  parts  in  question,  as  it  is  in  the  leaflet ;  it  Is  a  new 
and  independent  formation  at  their  extrtimities.  and  either 
around  or  within  them,  and  may,  by  examination,  be  seen  to 


*  "  Tbe  most  coDfisUnt  nccoant  of  its  development  Ji  that  gJTenbfDu  Petit 
Tbomn,  wbo,  follotred  ]ij  Iiini]l>-y,  rvgarrli  the  fibrous  [wood}']  tiiiuc  u  formed 
In  the  loavcB,  and  growiog  dotFiiutsrdi  into  the  cunbium,  just  u  rwits  are  [iro- 
lottgad  fnlo  ihu  mU.  Tliia  viMw  wnuld  [Ikcn  tbu  woocty  lilin^  lo  the  roaU  of 
Ihe  buib;  and  «uc}i  a  coc^pu'laon,  tJiunyh  it  fint  tigliC  iRiiirobablr.  U  fully 
borne  out  bj  favta." — Carpenter,  iVi'H«fjpI«  o/Giiunland  Comparativt  Phynehfy, 
111  B4.,  p.  378. 
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be  qiiite  diiitinct  from  them,'  being,  in  fftci,  the  roots  »i>d 
Bt«ni8  of  the  now  pliuitB  mttttchcd  to  mkI  growing  upon  them. 
3.  In  the  sMond  pUoe,  iio  removal,  by  intcrKtitiftl  absorp- 
tion, of  tbeii-  Hubstancc,  nnd  rtpliuicnictit  of  this  by  new 
vegetable  tisaite,  ever  takes  place.  The  tissue  compoaing 
them  undergoes  no  subBetjuent  clmnifo  of  thia  kind.  Oiico 
foi-med,  it  is  never  nftei-wards  the  seal  of  any  change  coire- 
■ponding  to  the  renewal  of  substance,  which  is  continually 
going  on  in  the  living  tisouea  of  an'm:ia1s.t 

And,  with  reference  to  thiB,  it  may  be  remarked,  that  tlie 
abs«neo  of  nny  such  clinnge  goes  far  to  sliew  that,  on  their 
growth  being  completed,  tho  partji  in  question  are  really  dead. 
Jndipng  from  what  obtains  in  anintals,  many  of  wbiuh  truly 
lire  for  years,  it  Is  nut  unreasonable  to  infer  tlmt  a  continual 
or  frequent  change  of  substance  ia  essential  to  tho  maint«n- 
ance  of  the  vitnlity  of  any  structure  which  really  continue* 
for  any  length  of  time  to  be  tlie  scat  of  vital  action.  Tho 
brain,  for  example,  of  an  animal  is  possessed  of  vitality,  and 
performs  important  vital  actions  during  the  whole  time  that 
ibe  animal  lives  ;  but  the  inainteiiaucc  of  its  vitality,  and  tbft  _ 
performitnce  of  its  vital  actions,  appear  to  Vie  dependent  on^H 
Liuid  to  involve,  a  continual  change  in  the  Kuhatance  of  the 
'  Orgiui.  Moreover,  tho  i-apit^ty  of  that  change  seems  to  be 
oxftctly  proportioned  to,  and  to  iifT.^rd  a  measure  of,  tiic  fre- 
quency and  energy  whci-ewith  the  vital  actions  of  tho  or;gsil,J 
are  carried  on, — to  be  more  vapid  when  tlieae  are  often  and 
actively  performed,  and  less  rapid  wlien  they  are  seldom  and 
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•  Llodloy.  Op,  cit,  p.  :ia(  and  p.  ail,  a  itj. 

t  "  The  econuniy  of  vegKtuliUia  ia  fliteil  for  thcirofllraof  conntuitly  i^anvort- 
Ing  Inoi'guilc  iolo  organiied  mnttifr,  hy  thii  pMuUnrity,  tlmt  lliflr  ntitrition  b 
mslntBincd  witlioul  nn)'  lUfh  function  n?  th?  intcmiliut  nbiorpllon  of  aaiinnltj 
Bod  norraiftril}'  inrolver,  during  (lin  tvUcde  tlniD  thnt  any  living  iiclions  av» 
Boliigon,  coQtiniuilaJdilioiiatutlieirsululoiice." — Aliton,  OuUlnae/I'liyneU^fM 

aa  Ed.,  p.  IE.  9 

'■  In  vegeiDM«i  Ihere  !i  fioneofttiBl  obnorptlnn  of  the  different  p»rlj<  wlUdi 
tslXD  ]>lscv  in  iininiiilii,     The  mntirr  of  irtileh  they  nre  eampoied,  bviug  onca 
lapOtitvJ,  1*  nmrrr  [iikmi  up  npiin  ;  vliilit  in  Dniinnls  ttirre  in  n  conituit  pnu-fl 
I  going  on,  by  whii'h  the  old  niattvr  i*  taken  away  and  tho  new  depoiltcd,  ^ 
■Ad  tha  ergiDi  lliu»  rtnewrf."'— Dr  Wm«,  in  9mellie"«  Wif,  «/  Jfai.  Iliit., 
iDliQductloo,  chap,  II, 
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feebly  exerts  Ib  it,  tlien,  an  imrair  mfer«nc«,  tliAt  tho  Ah- 
«enee  of  tliat  chan^,  and  tlie  iimbility  to  tindcrgo  it  in  iiny 
tJiune,  are  tnntamoiint  to  this  tissue  being  tlie  koaI  of  no  vitfti 
action,  or  destitute  of  vitality,  after  its  formation  is  com- 
pleted * 

3.  In  tlie  tliird  place,  we  know,  ilint  after  a.  time  tlio  li«art- 
wood  decays  and  disappears,  and  that  this  change  may  go  to 
such  an  extent  ns  \o  destroy  a  large  purt  of  the  entire  thiolc- 
nesA  of  the  tnink,  witb<Mit,  however,  in  the  least  impairing 
Die  vegetation  g'ting  on  at  tlio  cxtrcmittes,  uiul  on  tlie  exttirior 
of  the  tree.  This  it  is  easy  to  nndvrslivnd,  according  ti»  the 
view  liure  tAken  of  tlie  nature  and  duration  of  life  in  trees ; 
btit  very  difKimlt  on  the  snppoitition  of  an  nntiro  (reu  consti- 
tfltinji;  a  single  or  nu  indtvidiiul  plant,  anil  being  endowed 
Kith  vitnlity  in  H»  every  part.  On  thit«  iinppoHition,  Kuch  a 
<;hAnge  occurring  in  the  heart-wood  shonldi  Bpi>ead  to  the  ad- 
joining living  tiesiies,  and  sooner  or  later,  but  before  long, 
destroy  the  vitjdity  of  the  whole  fabric.  This,  liowuver,  does 
not  happen  ;  nor  is  the  complete  and  premature  decay  of  an 
i-ntiro  tree  ever  to  be  ascribed  to  the  agency  of  such  a  cause. 

It  may  be  supposed,  however,  that  although  the  old  stems 
wd  roots,  after  the  year  of  their  formation,  arc  the  seat  of 
no  nutritive  organic  change,  and  m'tiialty  decay  and  disappear 
III  Utc  course  of  yenr^,  titu  circulation  of  the  Hap  moving 
through  them  tlie  followitig  and  during  i^cvcrnl  subsetjuont 
jreara,  ia  a  clear  proof  that  they  retain  their  vitality  for  n 
much  longer  period  tlian  is  hcra  allowed. 

It  does  not  therefore  follow,  however,  that  the  pai-te  in 
qnestioii  are  alive.  To  warr.mt  such  an  inference,  it  must 
be  abewii  that  thuy  contribute  aelualtg  and  irctively  towards 
the  movement,  and  tliat,  too,  in  a  way  not  referable  merely  to 
their  potxwity,  or  lu  any  other  simply  physical  property  whiob 
they  may  posE«sa.  The  experiment  is  well  known  of  strew- 
ing cress  or  mustard  seeds  on  a  vessel  covered  with  tJannol, 
placing  that  in  a  saucer  filled  anrl  regularly  Hiip]>Iied  with 
water,  and  of  finding  tho  seeds  veget.ituig  and  covering  the 
vessel  with  living  plants — the  fiannol,  by  reasun  of  ita  pOTO- 
■ity,  conveying  the  water  upwm-da  fi'om  the  saucer  to  the 
living  seeds  and  plaata.     No  oite,  however,  wovM  *wi  &».V 
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Uie  flannel  i«  alive.    No  more  are  we  entitled  to  affirm,  tliat 
tlic  old  ftliiinit  and  roota  of  a  tree  are  alive,  becaose  of  t1ie_ 
sap  moving  tlirongh  them  to  the  growing  parta  above.   The]| 
may  be  merely  the  modium  or  channel  of  its  ti-anatnissia 
and  aid  in  cfTecting  t]it.i  in  the  same  way  tJiat  the 
doc*. 

Un«]u«ittJo»ably.  the  mot'ement  of  the  sap  is  a  vital 
and  <liic  to  vita!  agency.     This  agency,  however,  haa  its  seat 
in  the  living  bnd«,  and  in  the  living  RtructurcH  proceeding 
from  them,  and  actually  ;^"owing.     It  is  directly  connecteil 
with,  and  dependent  on.  the  vital  processes  going  on  tliero 
during  the  spring  and  summer.*    The  first  moTement  of  the     , 
nap  in  spring  is  in  the  immediate  vicinity  of  tfae  buds.     Th^f 
fluid  there,  previously  at  rest,  is  the  first  to  be  set  in  motion,^ 
and  its  movement  is  determined  by  the  act  of  vegetation  be- 
ginning in  the  buds  iinder  the  inlluenee  of  heat  and  light. 
The  subsequent  increase  in  the  actiiity  of  that  process  de- 
manding ndditional  and  greater  supplies  of  sap,  an  agency  is 
exerted  which  operates  dnwnwai-ds  in  the  direction  of  Ui' 
Boil,  and  causes  the  nourishing  fluid  to  ascend.     And  it 
fartlier  important  to  remark,  that  the  movement  of  sap  from 
the  soil  upwards  through  the  trunic  to  the  parts  where  vital 
actions  are  undoubtedly  going  on  is,  the  whole  season  through, 
regulated  by  the  activity  of  these  actions.     Of  all  this  we 
have  several  decisive  proofs.    If  a  branch  of  a  tree,  standing 
in  the  open  air,  be  introduced  into  a  lint  house  at  n  lime  when 
no  vegetation,  and  no  circulation  of  sap  is  going  on  in  the 
tree,  the  buds  of  that  brunch  will  vegetate,  and  sap  will  cit' 
culate  through  it,  while  as  yet  nothing  of  the  sort  is  in  p' 
gross  in  any  of  the  other  branches  of  the  tree.f     It  is  quit'] 
inconceivable  that  the  roots  and  stems  should  exert  so  exclu- 
Bive  an  agency,  or  have  any  share  in  producing  so  partial 
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•  ■'  It  li  evident,  ihm,  thstUie  forcp,  wtinteror  lie  lb  nitaro,  ty  which  the  «m" 
tiouei]  moTcmeiii  U  kept  uji,  mnii  b«  ilavsloped  by  Ibo  prOF#!Bi?a  to  wliich  tliat 
noveniene  in  Bub8Brv!«nt ;  in  othor  w«d»,  (h*t  tha  chnngsB  Involved  in  Iho  i 
of  nulrUlon  and  f ecr«tlou, nr«  tli«  r**)  WurMoftlie  moter powar." — Carpi.nt«r,] 
Sianual  of  Phyiloluff,  p.  31A, 

t  Allton,  OuMm  •/  t*rmlvffy,  p.  70;   Carpenter,  ilemuat  of  i'Ayn'a/afy,] 
p.  313. 
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change,  Aj^nin,  if  the  buds  be  cut  off  from  a  branch  prior  to 
the  commcncoment  of  the  aiinunl  process  of  vegetation,  no 
Dap  will  paBa  iiito  tiio  branch  during  the  entire  spring  and 
summer,  although  the  other  branches,  not  thus  mutilated, 
will  be  filled  with  it.  Once  more,  if,  at  a  later  period  in  the 
Reason,  the  leaves  ho  stripped  from  off  a  branch,  the  flow  of 
8»p  through  it  will  Bpccdily,  if  not  immediately,  cease. 

What  may  be  the  nature  of  the  agency  thua  exerted  in  the 
growing  buds  and  leaves  which  causes  the  sap  to  circulate, 
and  regulates  llie  quantity  of  it  passing  through  the  old 
Rtcnia  and  roots,  it  is  not  easy  to  say,  and  for  om-  present 
(purpose  unnecessary  to  inquire.  Bat  the  old  stems  and  roota 
may  be  no  farther  concorned  in  it,  than  as  being  the  channels 
thruugh  which  the  nourishing  fluid  passes  upwards  from  the  , 
floil.  And  no  facts  yet  knovtii  to  physiotogiHtH  demoni!itrnt«i 
that  tJiey  have  any  other  Mhare  in  it. 

But,  in  tlie  course  of  the  season,  there  is  a  dtmccndiiiff,  as 
well  M  an  upward,  movement  of  the  sap.  jVnd  the  former 
must  be  regarded  as  being  equally  of  a  vital  nature  as  tho 
latter,  and  equally  due  to  vital  agency.  Does  not  that  move- 
ment, at  least,  argue  vitality  and  vital  action  in  the  old  stems 
xnd  i-oota  ?  I  appi-ehend  not ;  and  for  this  reason,  that  while 
the  ascending  euiTent  seems  referable  to  the  procesaes  going 
on  in  the  buds  and  leaves,  the  muvement  in  question  appears 
to  he  connected  with  the  formation  of  the  woody  layer  all 
over  the  exterior  of  the  tree,  and  referable  to  the  process  by 
wliieli  that  structure  is  evolved.  Whether  the  woody  layer 
be  of  the  natui'e  supposed  by  M.  Thouars,  or  of  that  insisted 
by  otJier  physiologists,  is  immaterial.  It  is  distinct  fi-om  the 
woody  layer  of  previous  yeai's,  and  is  of  the  same  year's  for- 
mation with  the  existing  leaves  and  Howers.  And  it  requires 
for  its  organization  equally  as  these  do  for  theu-s,  a  supply 
of  prepared  or  elaborated  sap.  But  the  sap  is  elaborated 
only  in  the  leaves ;  and  as  the  woody  layer  extends  from  the 
base  of  these  dotvHWorda  to  the  extremities  of,  and  even  be- 
yond, the  roots  of  last  year,  bo  that  sjip  can  only  he  supplied 
from  above,  and  must  desce/ij,  in  order  to  the  formation  of  the 
tisaoe  in  question.  Thia  descent,  however,  may  he  solely  con- 
nected with  that  formation,  and  there  is  i\o  prorf  t\\a*.  \t  \\aa 
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any  thing  to  do,  diractly,  at  loMt,  witJi  changes  going  on  in 
Rny  of  tlie  oUier  strnctureft  of  the  tree. 

It  lift3  thus,  it  is  hoped,  been  satUfnctonly  tnofle  fmi,  fir»U 
tliat  the  growth!)  emanating  from  the  buds  of  trees  constitute 
perfect  and  independent  pUnt.'* ;  and,  gecondtt/.  that  what  r«< 
miuna  of  them,  after  the  fall  of  the  leaves  and  flowero,  ami 
fruit  ill  autumn,  with  the  single  exception  of  the  new  buds, 
ceJiiieH  to  be,  and  never  aftern'snU  hecomen,  the  seat  of  any 
vitAl  actiou. 

And  if  this  be  oonceded,  it  will  probably  be  allowed  alao, 
that  the  view  which  ha«  bore  been  taben  of  tb»  nature  and 
of  tlie  natural  longevity  and  site  of  trees  is  well-founded ; 
tbnt  is  to  say,  that  ii  tree  ia  nimply  n  oollection  of  annual 
phmta  of  the  same  apecien,  the  production  of  a  series  of  suc- 
cessive years,.— the  individuni  plants  of  eneh  year  shooting 
up  in  spring  from  hudii  adherent  to  the  persistent  dcud  re* 
mains  of  tlio  plants  of  the  previous  year,  growing  so.  paratUcs 
on  these  remains,  putting  on  the  ehai-actera  of  old  offi  in 
autumn,  and  speedily  thereafter  dying,  having  made  provision] 
however,  in  xununvr,  in  the  form  of  buds,  for  the  reproduetioa 
of  similai'  plnnts  the  following  year.  And  that  being  thus 
evolved,  and  thuH  growing  from  year  to  year,  and  having  no 
nalurat  limit  to  their  increase  and  aggregation,  theio  is  no 
iiutiiral  limit  to  the  age  or  to  tlie  sixe  to  which  the  tree  col- 
lectively formed  by  them  may  reach. 

The  stitti-inout  rejiontedly  made,  that  tlie  perBist«nt  dead 
remains  of  thu  plants  of  tlie  previous  yoai-^erve  as  a  iNfffAani- 
ral  aupitort  to  tlie  plants  of  the  following  year,  does  not  appear 
to  i-equire  any  explanntiou.  "With  regai-d  to  the  oiher  state- 
ment, tlint  they  serve  as  a  teiiijiorari/  /toil  to  these  pliuiti^  it 
may  be  observed,  that  the  buds  are  always  placed  in  intimatfi 
connuclion  with  the  //t'lfi  or  medulla  of  the  shoots  to  wtiich 
they  arc  adherent,  and  that  the  pith  id  soft  and  juicy  in  spring) 
bnt  in  tho  course  of  thr;  season  becomes  dry  and  shrivelled, 
Acoording  to  M.  Thouars,  the  buda  vegetate  in  the  tlrst  in- 
stance lit  tho  expense  of  the  pith,  deriving  from  it  the  ma- 
terials of  tlieii-  development  in  spring.  When  this  supply  of 
nourisluuent  is  exhiiustod,  or  at  least  when  the  buds  send  out 
llii*ir  own  proper  roots,  i.e.,  Ilie  fdirex  formerly  meuti«isdi 
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which,  by  their  intci-lnccmGiit  form  the  woody  layer,  another 
supply  is  provided  in  Ihu  Miivculuiit  cambiutn  into  which  Uiosfl 
fibres  piKs,  and  uluii];  whidi  they  descend  to  tho  soil.  From 
tliis,  of  course,  is  ullinmtuly  dorivcd  tliu  innturiuU,  ur  a  part  of 
UiQ  materials,  nocessuFy  foi*  the  growth  of  tbo  youDg  plants 
emitnattng  from  the  buds. 


Semi  Bemarkg  oh  the  High  Temperature  in  Uie  United  Mine* 
in  CommaU,*  By  KOB^KT  W&iud  Fox.  Communicated  by 
the  Author. 


The  temperatui'O  of  some  of  the  deeper  parts  of  tho  Uuitod 
Minc»t  hu  long  been  observed  to  be  remarkably  high ;  and 
it  has  greatly  increased  with  the  increasing  depth  of  the  ex- 
cavatioDs. 

Captiuii  Youren,  one  of  the  agents  of  the  mice,  informa 
me,  that  near  tlic  caateni  extremity  of  the  deepest  level,  on 
tho  "  mitUlIc  I'xle"  there  is  a  spring  or  jet  of  water,  dis- 
cbargiiig  ubout  94  gallons  a  minute,  at  the  temperature  of 
106!,''!  I-Khr.  This  level  is  250  fathomH  below  tlie  surfaoe, 
and  about  1^00  fathoms  under  the  level  of  the  m&.  Tbe 
lode"  has  an  underlie  or  dip  of  about  2^  feet  in  a  fathom 
wards  the  north,  and  the  water  flows  from  its  nort/iern  or 
'per  trail ;  whilst,  from  the  opposito  side,  or  som/Abj-m  wnff 
of  tlie  lode,  at  the  distance  of  only  3^  feet,  there  is  auother 
spring,  dischar^ng  30  gallons  of  water  in  a  minute,  at  tlie 
temperature  of  97 j  Fahrenheit.  The  air  near  both  the^e 
«prii)g»  was  found  to  be  at  104  j"  Fahrenheit;  aud  "killat"  Ib 
the  only  root  whieb  baa  been  seen  within  30  fathoms  of 
tlicm.     Granite  occui's  at  a  considerable  distance  westward 


*  ItMd  3d  Ehptrmber  1646,  before  tbe  Ooyal  Oornwnll  PoljMchnic  Soriely. 

t  Tlii<  ml»*  (fnr  il  it  (iii*  cun«rii]  <'<>'■(  i"uu  ia  jiroiluco  aliunJaticituf  rupptr 
or*.  Il  is  idtuatcd  tn  the  [ini'luh  of  Uv>-i:iiiiit[i,  nbout  ri^hi  taWm  to  the  north- 
ward, oi  nlinrDBl  KKW.  of  Fnlmouth,  and  U  ecvcnil  milca  from  Hid  sva. 

t  Tlw  tbcrniomcter  nmplnyeil  hu  hirn  carrfutly  raRipnrcl  uith  a  ttnndiLrd 
one,  aad  fownd  lo  b«  )  of  o  dr^i-ai;  toj  hi|;li,  lO  ilint  tlili  tmnll  amount  mnil  ha 
oMd  frMO  llu)  vMulls,  luuiiinj;  Uiom  leS'Oe°,  S7'5",  ancl  104",  tuGcU.Ud'j . 
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of  the  place,  and  two  "  elvan  ooursea"  traverae  the  mine  in 
neai-ly  the  same  G.  and  W.  direction  as  the  lode. 

I  have  found  that  J  of  a  pint  of  the  water  from  the  warmer 
spring  contained  16  grains  of  saline  matter,  consisting  of 
niuriate'of  lime  and  common  salt— in  about  »qtial  propor- 
tions,— with  a  trace  of  Eulphuric  acid,  probablj' combined  with 
lime.  In  the  same  quantity  of  the  cooler  water,  only  lOi 
gi-ains  of  muriate  of  lime  and  common  Bait  were  found, — ^tho 
latter  in  less  proportion  tlian  tlie  former, — and  in  tbis  water 
also  tliere  was  a  slight  trace  of  Bnlphtiric  acid.  In  both  in- 
stances the  water  was  clear,  saline  to  the  taatc,  and  without 
any  metfttlic  salt. 

It  may,  I  think,  be  inferred  from  the  salino  contents  of 
these  springs,  that  they  liave  a  common  origin  or  source ; 
whilst  their  high  temperatures  indicate  their  having  come 
from  a  considerable  depth,  and  tlie  quantity  of  water  tbey 
discharge,  that  the  lode,  or  rocks  beneath,  must  be  very  per^ 
viouB  to  it  In  these  instances,  at  least,  there  ai-e  no  grounds 
for  supposing  that  any  chemical  decomposition  of  the  sulphur 
ores  in  the  lode  has  caused  the  high  temperature  of  the 
water,  or  contributed  to  it  in  any  degree,  seeing  that  it  con- 
tains no  metallic,  and  scarcely  any  sulphate  salt. 

The  difference  in  the  heat  of  the  two  springs  may,  perhaps, 
in  part,  be  attributed  to  the  tendency  of  the  warmer  currents 
to  rise  towards  the  upper  wall  of  the  lode ;  aud,  still  more, 
to  that  of  water  at  a  much  lower  temperature  passing  from 
Bupei-ior  strata  down  upon  tbe  inclined  surface  of  the  lower 
wall,  where,  mixing  wiUi  the  water  rising  from  below,  the 
temperature  becomes  modified,  as  well  as  the  proportion  of 
the  saline  contents. 

It  cannot  he  doubted  that  ascending  and  dep  ^ading  car- 
rents  of  water,  more  or  loss  copioua,  and  at  dilii^ront  degrees 
of  temperature,  abound  in  the  veins  and  fissures  of  the  earth, 
and  often  at  the  junctions  of  different  rocks,  and  that  they 
must  have  a  great  influence  in  modifying  the  subterranean 
temperature,  aiid  in  different  degrees  in  diS'erent  places. 

Common  salt  in  of  rare  occuiTcuce  in  our  mines;  its  pre- 
fieaoe  in  the  water  in  question  cannot  well  be  attributed 
the  flowing  of  sea-water  into  the  excavation,  in  consequence 
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of  its  local  or  direct  preBsure ;  for  if  some  milea  of  <listAnco 
from  the  coasts  did  not  render  tliis  bigbly  improbable,  tlie 
cooBiderablo  streams  at  very  high  temperatures,  and  very 
constant  too  (as  appears  from  observations  made  at  different 
timeB),  are  fact«  not  consistent  with  sncli  an  expUination. 
If  tlio  subterranean  jets  of  water  were  caused  by  the  inroads 
of  a  neighbouring  sea,  we  should  expect  to  iind  them  at  com- 
pHratiTely  low  tempcratui'es,  and  thcso  diminishing  in  pro- 
portion to  the  duratiou  and  amount  of  thi^  influx. 

The  salt  may,  however,  have  been  derived  from  the  ocean, 
iu  consequence  of  the  latter  peuetmtiug  into  the  earth  at  ita 
greater  depths,  or  even  at  its  lesser  ones,  which,  ondcr  dif- 
ferent given  circumstances,  it  may  be  supposed  to  do.  In , 
either  case,  the  salt  water  would,  from  its  superior  specific 
gravity,  Imve  a  tendency  to  descend  thi'ougb  the  heated  and 
less  saline  water  in  the  veins,  fissures,  &c.,  where  tbo  fluids 
becoming  gradually  more  or  less  mixed  and  extended  in  dif- 
ferent directions,  might  ultimately  appear  in  some  of  our 
mines,  brought  up,  perhaps,  in  the  largest  proportions,  by  the 
upward  tendency  of  the  more  heated  cuiTcnts  of  water. 


Furlher  Evidence  of  the  Existence  of  Glaciers  in  Scotland  in 
Ancient  Times.  By  Charles  Maolaheb,  Esq.,  F.R.S.E. 
Oommonicated  by  the  Author.  v-j 


In  October  1645, 1  published  in  the  Scotsman  an  account  of 
certain  phenomena  at  Gai-eloch,  which  seemed  \.(j  igb  \«ysot% 
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Ttry  olcftrty  tlint  a  glacier  formerly  occupied  tlie  bottom  and 
lidcH  of  the  valley  in  which  that  loch  lies.  Tha  mora  import- 
ant of  Uieiie  pheoomcoa  are.  firai,  Bcratchei  and  groovinga  on 
tlic  rock»,  exactly  such  aa  glaciers  produce  on  tlio  bottom 
and  Bides  of  the  vnlloys  contoiaing  them,  and  which  no  other 
nattiral  agent  is  known  to  prodnce,  onless  it  be  tho  Iceberg, 
'n'hicli,  in  many  cases,  is  merely  a  detached  portion  of  a  glacier 
set  uH^at ;  Rcconi],  hirge  fragmenta  of  rocks  scattered  orer  the 
siirfiicc,  HUL'h  QR  glaciers  which  have  receded  or  disappeared 
leave  bi-hitid  thciii ;  tliird,  »  baiik  of  gravel  and  clay  orossing 
the  loch  at  its  lower  end,  and  resembling  tlio  terminal  m^rmiie 
found  at  the  foot  of  a  glacier.  The  pa{>er  wsti  uftvrwurds 
honoured  with  a  place  in  t)io  Edinburgh  FltiloHophical  Jour- 
ual,  My  obMcrviiiionM  wgi'c  mode  in  tho  Kummvr,  and  about 
Uie  same  time  ProfcMsor  Forbvs  obtained  evidence  of  Hie  for- 
mer existence  of  glaciers  in  the  Isle  of  Skyc.  A  second  visit 
to  Gai-olocb,  in  July  last,  bus  afforded  a  vnnoty  of  additional 
facta  which  go  to  Bu])purt  tho  conclusion  previously  come  to 
^^ainely,  that  Scotland  at  an  ancient  epoch  had  an  arctic  cli- 
mate limilar  probaUf  to  ihiit  of  Greenland  or  Labrador.  I 
sliiill  nrrnngc  my  recent  obscrrations  under  a  few  heads. 

Lateral  Moraines, 
"  HorainoH"  are  accompaniments  of  glaciers,  composed 
atony  matter,  and  afford  good  evidence  of  their  former  esiat- 
enco  after  tbey  have  diMft]ipeai'ed.  Tliey  are  of  two  kinds, 
"  lii.toi'iil"  and  "terminal.'"  A  lateral  moraine  consists  of 
fragments  of  rock,  gi-avel,  and  soil,  which,  loosened  by  rain 
or  frost  from  the  elevated  sides  of  tho  valley,  roll  down,  and 
coUfct  on  the  flaiiks  of  the  glacier,  in  long  lines  resembling 
teiTaciis.  If  cut  through  by  a  stream, 
the  pi-ofile  or  cross  section  presents 
this  appcnrnnce  r  k  the  surface  of 
the  rock,  m  the  moraine ;  As  the  gla- 
cier bears  a  part  of  tlic  debris  nlong 
with  it,  tho  moraine  increases  in  size 
towards  the  foot  of  the  valley,  and,  like  the  glacier,  it  is  not 
horiKontal  in  the  longitiulinal  Jireutiun,  but  less  or  more  in- 
ehng^.    This  inclined  position  distingiuBhcs  moraines  fi-om 
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niHd  beaches.  At  the  lower  end  of  tiio  glooior  iJie  dubrin, 
joined  by  other  fi-ag^nentHry  matter  borne  on  its  contral 
parts,  and  by  fine  mud  escaping  from  its  bottom,  foroi  a  dike 
or  nnRuIftr  mound,  ox  tending  partly  or  wholly  Qero!iatIiftvalIey» 
wbicb  is  then  called  u  ■'  tonmniil  moraine."  Tbe  tcrminnl  is  a 
continuation  of  the  lateral  momitie,  but  cliangcd  in  direction. 
In  my  paper  of  lnfc  October  1845,  I  expressed  an  opi- 
nion that  t)ie  bank  of  ;^avel  which  extends  across  the  loch 
ftt  Kow  bnd  been  originally  a  terminal  moraine.  I  was  dia- 
kppotntod,  however,  to  Rnd  that  the  district  near  the  head  ■ 
of  the  loch  presented  no  distinct  indications  of  "  lateral  mo- 
rainea."  My  station  this  year  being  three  miles  farther 
south,  1  had  an  opportunity  of  examinini;  the  hiUal  towanls 
the  foot  of  the  loch,  and  had  tlie  satisfaction  to  find  portions 
of  what  [  considered  ancient  lateral  moraines. 

Vig.  1  is  a  miniature  view  of  the  hills  on  the  eatt  side  of 
Qarelooh,  aa  they  appear  to  an  eye  placed  on  the  hilln  of  tlio 
opposite  side. 

a,  The  nortbom  portion,  is  a  saddlo-shaped  ridge,  about 
800  feet  high,  presenting  a  straight  and  remarkably  uniform 
outline  for  a  length  of  more  than  a  uiile.  ' 

A,  Another  poi-tion,  about  one  mile  long,  saddle-shaped, 
mtli  a  rery  uniform  oiitlino,  and  about  900  feet  high. 

c.  The  Houthern  summit,  about  1250  feet  high,  with  a 
waving  outline,  and  of  a  roundish  shape.  J 

«itor,  The  line  of  the  sbori',  wliieh  runs  out  In  a  project- 
ing point  at  itow  (A  o),  the  form  of  which  will  be  seen  at  /, 
figuro  &. 

1, 2.  3, 4,  indicate  the  position  of  ceHnin  terraces,  or  rather 
remnantn  of  turrnceB,  which  seem  to  me  to  have  tbe  oharactei' 
of  lateral  moraines. 

Fig.  3  is  an  enlarged  view  of  these  terraces,  which  will 
give  a  bettor  idea  of  their  form.  About  two  miles  above 
Row  Point,  a.  footpath  commencing  at  tbe  Free  Church  leads  ' 
up  tlie  hill  Irom  tho  loch  side.  At  ait  elevation  of  500  feet 
(vertical)  a  sort  of  mound  or  ten-ace  is  met  witli,  running 
south  and  nortli  along  the  aide  of  the  hill.  The  numerous 
streams  wliieh  descend  from  the  higher  parts  of  the  liill  liavt  | 
brMudied  it  at  many  plaoes,  and  aided  pro\pa\Ay  \)<;  ^\t&a^ 
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maiuea  of  snow  {avalaocbea),  have  swept  parta  of  it  away.  « 
Instead  of  a  continued  terrace,  therefore,  it  prewnts  a  boc- 
cession  of  little  knolla  or  protuberances,  sometimes  in  con-  m 
tact  at  the  bottom,  sometimes  ii«parated  by  wide  gaps,  but  ' 
in  general  running  nearly  in  one  line.  That  line  is  not  ho- 
i-ixontal,  but  inclined  to  the  foot  of  the  loch  at  a  low  angle, 
varying  from  two  degrees  to  ten.  There  arc  three,  or  per- 
haps foui-,  of  these  terraces.  In  some  parts  tlicy  arc  obKuro 
and  equivocal,  but  in  others  very  distinct.  The  higher  ones 
generally  overlap  the  lower,  so  that  two  terraceH,  tlic  one  a 
hundred  or  two  hundred  feet  below  tlie  other,  are  found  at 
sume  parts,  for  the  space  of  a  fuHosg.  Sometimes  the  upper 
seems  to  unite  with  anil  merge  into  the  lower.  ?s(Mt.  1  and  2 
present  thiK  uiipearance.  iiut  they  succeed  one  another,  much 
in  the  manner  indicated  in  the  diagram.  The  highest,  1,  iB 
about  550  feet  of  vertical  height  abox'c  the  loch  at  its  north 
end,  and  may  be  traced  for  about  a  mile.  The  lowest,  4,  is  ex- 
ceedingly well  marked  above  the  villa  of  Brownfleld,  where 
it  forms  a  terrace  nearly  level,  and  more  Uian  100  feet  in 
breadth.  It  descends  pretty  rapidly,  and  at  Lcruel  is  about 
60  feet  above  the  loch.  Its  com-ne  southward  is  interrupted 
by  aravincbehind  Altdonach,  beyond  which  it  reappears,  and  ■ 
finally  merges  into  the  projecting  point  of  Row,  with  an  ele- 
vation of  40  feet,  much  in  the  eame  manner  apparently  aa  the 
lateral  moraine  merges  into  the  terminal  in  a  8wiss  glacier. 
The  openings  cut  tiu-ough  the  teiTaces  exhibit  their  com- 
position. They  consist  chiefiy  of  clay,  mixed  with  fine  chips 
of  mica-slate,  along  with  gravel,  and  with  blocks  of  various 
sizes.  Some  of  the  latter  are  of  gi-eat  magnitude,  5,  8,  or  10 
eubic  yai'ds.  These  are  seldom  much  rounded,  and  nineteen 
out  of  twenty  are  of  the  rock  of  the  district.  Some  are  buried 
in  the  soil,  and  only  discovered  in  the  sections  made  by  the 
torrents  ;  others  protrude  through  the  turf.  The  proportion 
of  soft  matter,  clay  or  sand,  was  larger  than  I  expected  to 
find,  for  Agassiz's  plates  represent  the  lateral  moraines  of 
existing  glaciers  as  chiefly  formed  of  rocky  fragments.  But 
on  refciTing  to  his  book,  the  idea  his  description  conveys  is 
not  inconsistent  with  the  facts  I  observed.  He  says — "  In 
moraines,  properly  so  called,  that  is  to  say,  upon  the  sides 
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(hords)  of  glaciers,  we  meet  witli  blocks  of  all  dimenaions  pell- 
mell,  some  completely  angular,  others  more  or  less  rounded, 
with  pebbles  of  erery  Rise,  and  even  sand  of  extreme  fineness, 
or  ill  t  lie  state  of  finely' triturated  clay.  SchisU,  limeHtones,  and 
pftrlicularly  marls,  are  of  all  rocl;a  those  ^vliioh  disintegrate  ' 
the  moat  rnpidly.  These  laat,  instead  of  being  transformed 
intu  ronndod  pebbles,  become  a  soft  paste,  forming  a  bed  of 
mud  Hinlcr  Ibo  glacier,  or  dikes  of  clay  on  its  sides.''  {Eludes 
attr  lea  Glactert,  p.  101.)  There  arc  no  rnarl^  hero,  bnt  the 
ichist^,  whi(rh  are  partly  micaceous,  partly  cliloritic,  pro- 
bably disintegrate  with  coii*iJerable  ease,  and  much  of  what 
were  fragments  at  firRt  may  now  be  in  the  state  of  clay. 

Fig.  4  shews  the  prolile  of  the  terraces,  or  tlieir  form  in 
It  cross  section  ;  o  p  tiie  natural  declivity  of  the  ground ;  e  d 
thctliicknMSofthe  terrace,  or  its  depth  at  right  niigles  to  the 
declivity,  which  varies  from  10  to  20  feet.  The  top  generally 
slopes  forward  as  at  x,  but  sometimes  it  forms  a  cavity  6,  8, 
or  10  feetdeep.asat^.  The  breadthof  the  ten-ace,  measured 
parallel  to  the  declivity,  sometimes  exceeds  100  feet.  It  will 
be  seen  that  the  form  of  the  terraces  has  a  reiy  close  resem- 
blnncc  to  that  of  lateral  moraines,  as  shewn  in  fig.  2,  al- 
lowance being  made  for  the  efTecta  of  meteoric  action  during 
many  thousand  years.  If  this  explanatiou  of  their  origin  >« 
objected  to,  it  will  not  he  easy,  I  think,  to  account  for  their 
existence.  Tiieir  marked  deviation  from  the  horizontal  posi- 
tion will  not  pei-mit  us  to  suppose  tliat  tliey  were  deposited 
by  water. 

I  was  unaliie  to  trace  them  farther  north  than  to  a  point 
behind  Mr  Xnpicr's  villa.  Their  absence  from  the  part  of 
the  hill  marked  a  seems  to  be  well  accounted  for  by  its  low 
elevation  (600  feet),  and  the  slightness  of  the  declivity  on  its 
upper  part^  For  morainiis  derive  their  materials  from  ledgci^ 
or  scarps  of  rock  high  above  the  glacier.  If  the  i-ock  is  naked, 
fragments  are  detmilied  from  it  by  frost,  rain,  and  wind  ;  if 
ooYCred  with  enow,  the  snow  slides  down  occasionally  in 
avalanches,  bringing  debris  with  it.  The  moraines  first  ap- 
pear under  the  part  b,  which  is  900  feet  high,  and  steeper  in 
the  sides  than  a,  and  they  are  continued  under  c,  which  ja 
more  thau  1200  f«et  high.     That  the  higher  tmea.  \  ttaa,*i 
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maj  haTO  extended  t»  far  soatli  as  the  lower,  or  still  fnrtber, 
ii  probable  enough.  Tiie  Httrftice  under  c  in  mucli  broken,  and 
Bomethiog  like  veBtig«a  of  tetTacea  ma}-  be  found  on  it.  Thai 
greater  heiglit  of  the  hill  hero  wwihl  rcndci-  th<>  torrents,' 
wlitcb  are  very  numeroux,  more  (IcMtructivo  i  uimI  it  \«  possible 
that  the  lower  tnomincH  were  chiofly  formed  fi-oin  tbo  wreckM 
of  tUo  upper,  The  hills  on  the  n'OKt  Ktdo  of  the  locb  ncai-cely 
exceed  the  height  of  a  in  fi^re  1,  and  they  prenent  no  di>> 
tinot  traces  of  lateral  moraines. 


The  projecting 
Ion  uc  of  laud  a,i 
Bow,  i,  fig.  5,  isi  aboilt 
a  mile  in  length  at 
low  water.  It  ter- 
mitiates  in  a  point, 
niarfccd  by  a  polo 
or  beacon,  and  its 
breadth  at  the  other 
end  wlicrc  the  road 
crosses  it,  near  the 
hill  foot  (at  A  0,  %. 
1)  is  COO  feet.  lU 
ele^'ation  above  tbc 
high  tide  level  \a  40 
feet.  There- is  a, 
point  at  Roeeneatli, 
exactly  opposite  (A  in  fig.  5),  whose  brea".ltb  is  greater,  and 
its  length  smaller,  but  its  height  and  materials  the  same.  Tlie 
space  of  open  sea  between  the  two  points,  at  low  tide,  1  estl- 
mated  at  800  feet,  and  a  shoal  extends  fi^m  the  one  to  the 
other,  iijion  which  there  is  only  4  fathoms  of  water,  while  the 
depth  a  little  bcluw  is  9  fathoms,  and  a  little  above,  18. 

The  small  dlagi'am  P  in  the  corner  of  figure  1,  shews  the 
form  of  Row  Point  on  the  ci-oas  section  about  midway  between 
it^  extremities.  The  south  aide  ^  h  slopes  very  gently,  while 
the  norlh  side  ef'i*  biglily  inclined.  A  drab-coloured  clay  is 
8«cn  on  tlie  west  side,  and  seems  to  form  the  basis  of  the 
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Point  (e  in  tb«  fipurp),  nbove  wliicti  aro  sand  and  gravel  (h), 
not  stratified,  or  only  stratified  near  tJie  top  where  the  matter 
bad  probably  been  re-diatt-ibuted  by  tbe  tide.  A  few  stones, 
from  one  to  two  feet  in  breadth,  were  visible  near  tJie  cast 
end.     No  rock  is  visible  anywhere. 

The  clay,  which  is  verj-  fine,  and  slightlymixed  witU  minute 
chips  of  slate,  (.■nrrieti  myllioueht.a  to  the  "  Hue  Jtour  of  rocki 
ground  in  tlio  pondoroufi  mill  of  the  glacier  betwixt  rock  and 
ioe,"  wliich  Pi-ofesKor  Forbes  tells  us  is  poured  out  by  the 
Btream  at  the  lowor  end  of  a  glacier.  The  sn-mc  drab  or  light 
brown  olay  covers  the  slopes  of  the  hill*  to  a  considerable 
height,  and  most  probably  cont«  tb«  whole  bottom  of  the  loch, 
for  when  the  torrents  are  in  flood,  and  sweep  away  portions 
lyf  the  Mtones  on  thu  bench,  this  nni^tuous  clay  is  always  found 
below  tbcm.  Now,  the  friction  of  a  plucior  on  the  bottom 
and  sides  of  the  valley  containing  it,  produces  a  cliiy  of  thia 
descriptiun,  much  of  which  must  remain  in  its  bed  after  the 
ice  has  disappeared.  The  glacier  also  tlu-ows  out  portions  of 
itat  its  lower  end.  along  with  the  pebhlea  and  stones  by  which 
itwAB  enabled  to  scratch  and  groove  the  rock«  beneath  it. 
The  u>at<trialB,  therefore,  of  the  bank  of  gravel  crossing  the 
locli  nt  Kow,  arc  sueli  as  we  would  expect  to  find  in  a  termi- 
nal moraine.  The  form  i^  also  such  as  the  terminal  moraine 
of  a  glacier  occupying  nil  the  ujipcr  part  of  the  loch  would 
natiirally  ns^unic ;  that  is,  the  side  towards  the  glacier  is 
fteej),  while  the  oppowite  one  stlopcs  away  gently. 

The  northern  or  steep  side  does  not  present  a  uniform  a«elt- 
TJty.  There  is  an  indentation  at/ which  seems  to  me  to  eor- 
lespond  with  the  ancient  headi  found  all  rannd  the  shoi-ra  of 
the  looh,  and  was,  I  presume,  produced  by  the  same  cause, 
namely,  the  action  of  the  tide  *\hen  the  eea  stood  at  a  higher 
level  by  30  feet. 

But  the  remarkable  miifonuity  in  tlie  height  of  Row  Point  i 
(F]g.  &),  Koscneatli  Point  A,  and  the  broad  point  A\  on  which 
HflMoneath  Ca«tlo  stands  (40  feet  above  the  high  water  linej, 
iDdticc  mc  to  think,  that  from  whatever  (luartcr  the  masfiea 
of  sand  and  gravel  neon  on  each  were  derived,  the  tide  must 
have  rearranged  them,  nnd  levelled  the  surfaces  to  a  greater 
or1eiuiext«nt.  When  this  tooli place,  tbe  aeamuftiVave^^QtA 
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45  or  50  Uvi  biglior  (th&t  is,  the  land  stood  so  much  low«r) 
than  it  DOW  (lo«8.  Small  portions  of  an  ancient  sca-be«ch 
>r  bottom,  at  an  elevation  of  40  or  45  feet,  are  visible  also 
Greenock  luid  Goarock ;  and  I  have  seen  them  at  Buiinw 
and  Connol  Fernes  on  Loch  Etive,  as  well  as  otlter  pnrtA  uf 
tbo  west  coast.  The  traces  of  these,  hovrercr,  arc  iicitlicr  so 
well  marked  nor  so  numerous  as  Uiose  of  the  30  foot  beocb, 
which  I  have  met  with  at  nearly  ever^r  pari  of  the  cast  and 
west  const  I  have  examined,  If  the  action  of  the  tides  at  nn . 
elevation  of  more  than  40  feet  above  the  present  level,  en- 
dured for  a  long  period,  it  must  have  greatly  changed  tlie  ' 
form  of  the  ^'ravel  hank  bX  Itow,  Supposing  that  the  glacier 
retreated  griuluiilly,  and  formed  a  suceciuion  of  narrow  ter- 
minal moraines  one  behind  another,  they  might  merge  into 
a  single  broad  one  under  the  continued  action  of  tlie  tides. 
There  were  probably  other  moraines  at  x  (fig.  5),  where  the 
Bea  is  only  2  or  3  fathoms  deep  at  low  water. 


Boutderj. 

A  great  number  of  boulders  are  scattered  over  the  surface, 
8B  indicated  by  dots  on  the  figure.     Tliey  are  partly  rounded, 
partly  angular,  and  of  all  sizes  up  to  16  cubic  yards,  or  30 
tons  weight,     Tlioy  are  chiefly  of  the  mica-slatc  and  chlori- 
tic  rocks  of  tjie  district,  but  mingled  with  them  are  some  of 
granite,  syenite,  and  greenstone.     Of  granite  I  saw  about  a 
hundred,  of  eighteen  inches  or  more  in  breadth,  including 
thii-ty,  each  of  wbicli  measured  a  cubic  yard  or  more.     The 
highest  of  them  were  at  an  elevation  of  600  feot  above  thai 
loch.     Of  mica-slate  boulders,  there  is  one  on  the  beach  op- 
posite Mr  Napier's  gate.  14  feet  in  height,  measuring  about 
40  cabic  yards,  and  weighing  consequently  80  tons.    Another, 
near  the  farm  of  Blairnig.  ia  15  feet  long,  10  broad,  4  thick  ■ 
at  the  one  end,  and  2^  at  the  other,  measuring  about  15 ' 
cubic  yards.     It  lies  on  an  cxtenBire  tract  of  level  ground] 
about  400  feet  above  the  loch.     A  gi-cat  pi-opoi-tiou  of  tbo  I 
boulders  do  not  rest  upon  the  rock,  but  upon  the  clay  opj 
gi-avcl  wlilvh  covers  it.     Blocks  of  eight  or  ten  cnbic  yards] 
arc  seen  sticking  in  the  terraces,  mIUi  soil  below  llicm. 

Tlie  boulders  are  not  foimd  in  lines,  but  scattered  irregu- , 
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Urly  over  llie  surraoc.  They  are  most,  iiumnrous  at  or  near 
tbc  tH-ncli.  as  may  be  seen  on  tJie  west  Biile  uf  the  locb,  tvhere, 
from  the  nbacnoe  of  buildings,  feM'  hare  been  nsed  up.  On 
the  highest  part  of  the  Iiill  c,  tliey  ascend  to  about  800  feet 
of  vlovntion.  AIjovc  tlmt  height  there  are  scarcely  any  visi- 
ble; but  itonie  may  have  been  broken  up  for  fcncea.  The 
xnmmit  of  the  ridjff  6.  soema  also  nearly  bare  of  boiiiders. 

Tlic  gi'anite  boulders,  wliich  are  all  uiuuh  rounded,  could 
not  come  fi-om  any  spot  nearer  than  Ben  Cruftchen,  30  milea 
northward.  Those  of  gi-oenstone  are  generally  deprived  of 
Uwir  nngIoi<,  and  munt  have  travelled  some  miles,  since  that 
roclc,  though  existing  in  veins  a  few  mile.-*  noi'tliward)  no- 
where appears  in  eilu  on  the  shores  or  sides  of  the  loch.  The 
uiica-slate  blocks,  also,  must  liavc  been  brought  to  the  placen 
where  they  rest  by  some  agent,  for,  except  at  a  few  points 
on  tlie  beach,  tliei-e  are  no  precipiceB  fi-om  which  they  could 
roll  down.  Moreover,  we  find  blocks  of  tlie  proper  »iie«-Nlatc 
resting  on  the  st^-ata  of  quartzoso  cliloritic  rock  with  which 

alternates  ;  blocka  of  the  latter  i-esting  on  strata  of  the  for* 
nier ;  and  at  Row,  blocks  of  both  resting  on  the  clay-&latc. 
All  these  facts  prove  that  the  boulders  have  been  moved,  and 
that  their  motion  was  from  north  to  sonth. 

Now,  let  us  suppose  a  glacier,  having  its  flomte  in  the 
mountains  beyond  Loch  Long  and  Loch  Goyle  (M  and  Y  in 
Kg.  5),  to  occupy  the  valley  of  Garelocb,  ita  motion  would 
be  southward ;  it  would  ti-ansport  the  largest  masses  we  have 
described  iu  that  dii-ection ;  if  it  diminjahcd  gradually,  it  would 
leave  a  succession  of  ten-oces  (moraines)  like  1,  2,  3,  4,  and 
scatter  blocks  over  the  surface  :  by  friction  on  its  bed,  it 
would  form  a  slimy  clay,  such  as  we  find  coating  the  beach 
and  declinties ;  it  would  deposit  a  bank  of  moveable  matter 
at  iU  lower  end,  like  the  point  at  Row ;  finally,  it  would 
abrade,  smooth,  and  round  off  the  rocks,  and  leave  scratches 
and  groovinga  on  their  surfacCuninning  parallel  to  the  axis  of 
Uui  valley,  precisely  auoh  as  we  see  at  Gareloch.  We  have, 
then,  not  merely  a  few,  but  all  the  distinctive  marfca  of  gla- 
cier action  at  Garelocb,  forming  in  the  aggi'egate  a  body  of 
evidence  which  seems  to  me  to  exclude  (he  supposition  of 
as;  other  agency. 
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Qlacial  Phcnometux  on  Loeh  Ltmp  <xnd  Loett  £ek. 

At  my  fomwr  rUit  I  hud  »ceti  marlts  of  nbnwion  on 
rooka  at  the  upper  part  of  Ixicli  Lon;j  (M,  Fig.  6),  but  no  tlBl 
tinct  Btriie.  On  tbis  occasion  I  found  noll-mnrko^  Ktrifc  in 
the  lower  part  of  the  loch  (L,  Fig.  9),  at  a  hatnitt  called  Let-  ■ 
ter  (<•),  nearly  opponUc  Ardentinny,  and  within  the  liitrli-wntpr 
mark.  They  were  upon  a  rery  compact  rook,  and  run  south 
and  north,  or  parallel  with  the  aMcft  of  th©  valley.  There 
was  one  groove  four  feet  long,  tlirce-^iuarters  (if  an  inch  wide. 
and  rigidly  straight.  There  were  several  oUirrt*  parallel  to 
it,  and  deeper,  but  shorter,  and  among  tlicm  one  thre4>  indies 
wide.  Aliraded  and  nmootlicd  roeks  were  aecn  nbuudnntly 
cUewhere,  but  their  texiare  was  too  coarse  to  exhibit  atria;. 
A  friend  of  mine  naiv  alniilar  Btriie  on  the  wcH  side,  at  aome 
distance  south  fi-oni  6. 

In  a  jotimey  along  Loch  Eck  (E  in  Fig.  5),  I  met  with 
magnificent  specimens  of  abraded,  or,  to  use  Sir  Janios  Hall'A 
term,  iiressed  rocks.  The  nnmernus  little  emincncea  at  the 
ftoot  of  the  lofty  ridge  of  mica-slate  n  o,  have  their  anii;1eH  and 
projecting  points  ground  off,  and  their  surfaces  flmootbe<l  and 
rotrnded,  in  a  manner  which  must  strike  even  persona  tinac- 
cnstomcd  to  geolojncal  speculations.  These  hillocks  presi-nt 
fine  examplcH  of  the  dotneg  arrondis  and  rochet  moulott- 
nit;  or  smoothed  and  rounded  knolla,  found  in  the  glacier  Tal- 
Icys  of  Swi(?.cp!and,  and  which  are  admiriiMy  represented  in 
the  6th,  8th,  9th,  and  15th  plates  of  AgawsiK's  work,  Oiiosida 
of  these  hillocks,  however,  frequently  remains  in  the  rough 
state,  namely  tfie  soutli,  and  this  shews  that  the  motion  of 
the  abrading  agent  (the  glacier)  was  from  the  north.  Tlie 
polishing  on  the  sides  of  the  mountain  is  easily  seen  to  the 
height  of  SOO  feet,  but  ft  no  doubt  extends  much  higher.  I 
examined  tlio  surface  of  one  of  the  rocAc*  moiitonNfes,  which 
was  about  fifty  feet  high,  in  the  hope  of  finding  sti-iie,  but 
Bftw  none.  The  texture  of  the  rock,  however,  was  coarse 
and  partially  decomposed.  On  more  compact  specimens  I 
have  no  doubt  tliat  strias  may  be  discovered,  and  that  they 
will  point  south  and  north. 

In  my  ai-tlcljf  of  1st  October  1845,  I  remarked  that  tb« 
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hilla  on  the  east  sWe  of  Oni-elocli  had  (li*«iMjd  stu-facei!  to  the 
height  of  more  thiin  lOOO  feet.  I  found  no  dUtinct  8tpi», 
however,  at  a  greater  clcrivtinii  tlinn  310  fc«t ;  and  while  ad- 
mtttirtf;  thnt  the  action  of  n  ^kcicr  might  extend  to  thJN 
height,  or  somewhat  beyond  it,  I  wa»  disposed  to  attribute 
the  abrasion  of  the  tops  of  tiio  ridges  and  all  the  higher  por- 
tions of  the  declivities  to  iceberjrs.  On  this  occasion,  how- 
ever. I  found  strife  on  the  top  of  the  ridge  <l  m  (Figs.  T>  and  6), 
right  west  from  the  fiirm  of  Little  Rahacn,  iind  at  600  feet  of 
elevation.  There  is  an  area  of  beautifully  dressed  rocli  Korc, 
about  a  quarter  of  a  mile  in  breadth,  nearly  Icyel,  and  thinly 
covered  with  peaty  turf  (rf  in  fiij.  5,  and  in  the  Rection  below 
it).  The  covering  has  been  washed  off  at  many  polutH,  and 
the  rock  is  Heen  as  smooth  as  a  beai'tbatone.  At  one  spot  I 
found  a  distinct  groove  half  an  incli  broad,  8  feet  long,  and 
quite  straight.  The  bearing  was  N.  !M(  W.,  which  is  very 
correctly  tliat  of  the  ridge,  and  of  Garcloch  ■('alley.  There 
vteve  two  others  beside  it,  but  fainter  and  shorter.  The  value 
of  the  groovings  i«,  that  they  indicate  the  precise  direction  in 
which  the  abrading  agent  moved,  and  the  indication  in  this 
casio  is  important.  Groovlngs  in  a  deep  and  narrow  valley 
like  Garcloch,  whether  cut  by  a  glacier,  an  iceberg,  or  a  cur- 
rent— Kuppoeing  a  cui-rent  capable  of  doing  it---niight  be  ex- 
pected to  have  a  general  correspondence  with  the  axis  of  the 
valley,  because  Its  steep  sides  would  compel  the  agent  to 
inovo  in  a  detci-minftte  direction.  But  here  tlie  groovings  oc- 
cur on  the  very  Hummit  of  the  ridge,  where  the  agent  was 
free  to  moTO  in  any  direction,  and  they  indicate  a  motion  Id 
the  vei-y  line  which  atony  masses  driven  along  by  a  current 
would  moat  certainly  have  avoided — a  motion  right  along  the 
crett  of  a  ridge,  with  a  steep  declivity  on  each  side,  towards 
which  heavy  bodies  would  inevitably  hare  tended.  It  is  con- 
ceivable, however,  tbal  a  very  large  iceberg,  moving  steadily 
in  a  determinate  direction,  cither  in  consequence  of  the  im- 
mensity of  its  mass,  or  from  being  pressed  on  each  side  by 
fixed  or  floating  ice,  might  groove  the  i-oek  in  this  way.  But 
I  think  there  is  a  Himplcr  and  more  satisfactory  solution  of  the 
problem.  Rocks  striated  liorizontally  are  found  in  the  Al- 
pine valleys,  1600  feet  above  thpir  bottom.— (Forlies'  TtoccIb 
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iM  Mtf  Alpd,  p.  53,  finit  cd.)    Hay  not  this  fact  uutborUe 
ia  eoncludc,  iliut  ibv  ^amc  agent  nhicb  dreBsed  and  ]G:rooved 
the  bottom  of  Gareloch  valley  dressed  nod  grooTed  th«  topH  M 
of  the  bills  on  both  aides  of  it ;  and  that  glocierji,  or  movini;  ™ 
moM&B  of  ice,  not  only  tilled  the  hollows,  but  envploped  all 
the  ridfi^M  here  to  the  height  of  150O  or  2000  feet !    Tlicrc 
ai-e  livv  or  six  ridgeH  between  the  south  end  of  Loch  Kck, 
and  Luas  on  Loch  Iiomond,  all  nearly  parallel,  and  running 
tranATerse  to  the  laniinar  lilnicturv  of  the  micvalote.     The  M 
ridge  o,  the  soutJiern  part  of  n  o  (Fig.  5),  the  whole  of  rfw,  ' 
and  of  ^,  ore  examples.     The  straight  or  gently  undulating 
outline  of  their  crcBta,  and  the  evenness  of  their  aides,  con-  I 
trast,  in  a  i-eraarkable  manner,  ivith  tlie  rugged  and  serrated  ' 
formal  of  the  mountains  to  the  northward,  and  seem  to  me 
ulearly  to  indicate  that  they  had  been  subjected  to  abraaion„fl 
by  agents  which  eitlier  had  not  operated  on  thi:  others,  or 
bod  operated  very  i'eehly.     One  of  these  smoothed  hills  near 
Loch  Lomond  is  at  least  2000  feet  in  height. 
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Cause  of  the  Cold  of  the  Olaeial  Epoch, 

Poisson,  an  omineiit  French  mathematician,  proposed 
ingenious  theory  to  account  for  the  more  intcoHc  cold  which 
anciently  prevailed  in  sevei-al  pai-ts  of  Europe,  as  evinced  by  _ 
the  phenomena  I  have  described,  and  many  other.ii.  It  basi 
been  deduced  from  observations  made  by  the  late  eminent 
Prussian  astronomer  Eessel,  that  our  sun,  with  the  planetary 
system  attachod  to  liim,  is  moving  through  tbe  celestial 
spaces,  in  a  determinate  direction,  at  the  rate  of  8,800,000 
miles  per  day. — [Humboldfa  Cosmos,  p.  152,  Eng.  ed.)  Now, 
as  the  stars,  which  are  the  sources  of  heat,  are  very  unequally 
distributed  in  the  heavens,  Poisson  thought  that  the  solar  sys- 
tem, in  its  journey  towards  the  constellation  HeKuIes,  might 
pass  through  spaces  of  very  different  temperatures,  and  that 
at  some  ancient  and  remote  period  it  might  have  passed 
thi-ough  a  region  of  the  heaveao  much  colder  thui  that  ia 
which  it  is  now  moving. 

A  much  simpler  explanation  of  the  change  baa  been  pro- 
posed by  Mr  Lyell.  Founding  on  principles  developed  by 
Humboldt,  he  observes,  that  the  climate  of  any  part  of  the 
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iflobe  depends,  in  a  great  degroo,  on  the  distribution  of  sen, 
and  land.  The  east  side  of  all  extensive  continents  in  th« 
estra-tpopical  regions,  has  a  warmer  summer  and  a  colder 
winter  than  the  western.  The  extremes  of  beat  and  cold, 
for  instance,  arc  incomparably  greater  in  Lower  Oanadii  than 
in  the  Oregon  territory,  though  they  are  both  in  the  same  la- 
titude. Now,  if  North  America  at  one  time  extended  much 
farther  eastward — if,  for  iiiBtonce,  it  occupied  all  the  portion 
of  the  Atlantic  between  No^vfoundland  and  Britain— in  that 
c»e,  it  is  certain  that  Britain  would  have  had  the  inhospi- 
table climate  of  Labrador,  or  even  one  still  more  severe,  like 
that  of  Greenland.  There  are  various  facts  which  point  to 
the  state  of  tilings  here  put  hypotheticaily-  Thus,  tlie  freah- 
Wftttir  strata  of  thf  Wealdeu  group  of  rocks,  from  their  ex- 
tenBivG  range  and  great  thickness,  imply  Uiat  a  river  as  large 
M  Uie  Mississippi  liad  its  estuary  iu  England,  and  such  a 
river  eoidd  not  exist  unless  a  ti-act  of  land  1000  or  2000  miles 
in  breadth,  in  connection  with  the  British  Isles,  bad  occupied 
the  eastern  part  of  the  Atlantic. — (See  Lyell's  JCtfinents,  t., 
p.  431.)  Again,  the  same  able  geologist  found  evidence  in 
the  carboniferous  rocks  of  North  America,  that  tho  coarser 
mMorials  composing  them  came  from  land  lying  to  the  east- 
ward, and  now  covered  by  the  Atlantic. — {Traveln  in  North 
America,  i.,  p.  8C.)  Finally,  Professor  Edwai-d  Forbes,  in  a 
moat  interesting  memoir  recently  published,  has  shewn,  from 
e  relationship  between  the  Fauna  and  Flora  of  the  British 
Isles  and  of  North  America,  that  either  the  one  has  derived 
a  certain  portion  of  its  animals  and  plants  fi-om  the  other,  or 
that  both  have  derived  them  from  land  now  sunk  in  the  in- 
tervening ocean. — (Memoirs  of  the  Geolosical  .S'lWwy  o/  Great 
Briiain,  vol.  i.,  p.  33G-402.) 
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Oh  Iki  Uk  ^  tMe  MicTote^te  at  an  aid  im  Chmnicat  Infui  _ 
By  Jonx  Davt,  M.D.,  F.R.B.,  L.  &  £. ;  Iiwi>«>ctor-Gcaeral 
of  Army  HospitoU  * 

Thiit  the  microsope  may  be  no  important  aid  to  the  chemi- 
cftl  inquirer,  I  ^elievo  will  bo  n>aclily  admitted  by  all  those 
who  hikvo  made  trial  of  it,  if  tolvrnbly  familiar  with  it«  uue, 
and  in  tlio  bftbit  of  omployiog  a  good  instrument.  This  last 
conditiou  ift  csMntial.  To  be  eminently  useful  in  rvHcarcli, 
an  iustriimont  of  the  best  coafltmction  should  bo  employed 
— an  achi-omatic  one,  with  a  ma^ii^ing  power  of  nt  least 
three  hundred  duunetcrs. 

Such  an  instrument  may  b«  coDudered  as  a  new  power  to 
thv  ch(;mist ;  making  cli>ar  wbut  was  ubscuro  ;  allowing  him 
to  disUngaiflh  by  sight  what,  without  such  aid,  be  coold  do- 
t«rminc  only  by  compliontcd  proccsuM  of  analysis ;  enabling 
him  to  distinguiHh,  in  ii  niixtnro  of  animal  and  vegetable  sub- 
stances, TanouB  tissues  atid  forms,  and  often  in  an  iuBtant 
satisfy  himself  of  their  nature ;  and  e<]ually  ho  to  satisfy  him- 
self by  simple  inapectJon,  wliether  in  the  preparation  of  che- 
mical substances,  either  by  sublimation  or  precipitation,  they 
ar»  pure  and  unmixed,  or  impure  and  mixed  with  saline  mat- 
ter, or  substances  of  a  diiferent  kind  thrown  down  or  sub- 
limed at  the  aame  time. 

Taking  Utin  view  of  the  applicntion  of  tho  microscope,  I 
oaimot  but  think  that  the  time  is  not  fnr  distant  when  the 
philosophical  chemist  will  rdiuirc  it  us  much  an,  and  even 
more  fi-eqnontJy  tlian.  the  bahmce ;  and  that  Uie  one  will  be 
considered  m  casontial  to  a  laboratorj'  of  research  as  tlic 
other;  and  to  tho  inquiring  traveller,  limitcil  «a  to  appara- 
tus, more  useful  than  uny  other  single  implement  that  can 
be  mentioned  hitherto  attainable. 

It  may  not  be  amiss  to  give  n  few  examples  for  tho  pur- 
pose of  illustration ;  making  a  selection  from  instances  which 
have  como  under  my  own  observation,  some  of  which  may  be 
new. 
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Preparatory-  to  entering  on  n  chemical  eiamination,  it  is  a 
dcKidei-atum  to  boconic  generally  Eicquainteil  tviUi  tlie  nature 
of  the  subject  of  h.  Such  preliminary  infonnotion  the  mi- 
croscope is  admirably  fitted  to  nfiFord. 

It  ia  a  diapuUd  jwint  whether  ibose  peculiar,  and,  in  many 
rejects,  singnlar  birdii, — the  bumming-birda, — £B«d  on  in- 
BOot«  or  tlic  8WiK;t  julccB  of  flowtTB ;  6ome  Doturaliats  main- 
taining that  they  lire  exclusively  on  the  one,  others  tluit  they 
live  exclusively  on  the  other.  Sy  repeated  obs«rTatioa,  first 
micpo»copicu,l,  afterwards  chemical,  made  on  tho  contents  of 
their  minute  Etomacbs,  I  have  ascertained  that  insects  are 
the  solid  food,  and  that  the  sweet  juice  of  the  nectary  of 
flowers  is  the  ordinary  drink  of  these  hinlM.  Tlie  tougoe  of 
the  htiinmiti|;-hir>l,  projectile  and  bili  J,  is  peculiarly  fitted  for 
taking  inttects ;  and  when  moist  with  a  honied  viscid  lure,  its 
powbr  is  oven  incrensod.  lii  every  stomach  of  this  bird  that 
I  havo  osamined,  X  have  detected  with  the  microscope  parts 
of  inwctH,  and  sometimes  entire  and  living  ones ;  and  I  have 
found  their  remains  also  in  the  lower  intestine. 

Another  iuslancc  may  be  given  from  the  urinary  excre- 
ment of  insects.  In  the  majority  of  t^ROS  in  which  I  have 
ezamiued  this  cxcrcmentitious  matter,  1  hare  found  it  to  be 
principally  the  lithate  of  SimmoDin,  commonly  in  the  form  of 
granules,  little  exceeding  in  size  the  blood-corpuftclea  of  man. 
In  one  instance,  however — ^tUat  of  th«  excrement  of  a  small 
night-moth,  subjecting  it  first  to  microscopical  examination 
— there  were  obstu-ved,  mixed  with  the  gnuiulea,  well-formed 
crystal!),  reaombling  thodo  of  Uthic  acid,  and  which  were 
proved  to  be  of  lithic  acid  by  tlieir  chemical  (lualities,  testing  j 
them  diomically,  and  observing  the  «Bults  with  the  same' 
power,  for  they  wore  far  too  minute  even  to  be  seen  witJi  the 
naked  eye. 

Soils,  sands,  marls,  afford  other  good  examples  of  the  UM 
of  the  mioroBcopc  as  a  preliminary  to  chemical  cxammation. 

Amongat  the  valuahlo  deposits  in  the  island  of  Barbadoe^,  J 
distinguished  for  its  extrnordimiry  fertility,  which  it  owe§ 
mainly  to  the  nature  of  its  soils,  are  beds  of  calcareous  marl. 
Under  the  microscope,  this  marl  appears  to  bo  almost  homo- 
geneooa.  except  that  amongst  tho  moleculos  of  which  it  is 
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composed  minote  crystAU  ore  to  be  seen — rfiort  slender 
priuns,  aa  of  phosphate  of  lime ;  and,  chomicaUy  examtacd, 
it  J9  found  to  oontiun  phosphate  of  iimc,  ita  chief  ingrcditat 
being  tlie  carbonate,  witli  a  trace  of  silica. 

Tlie  fertile  soila  of  tbia  very  fertile  island  have  been  sup- 
posed to  be  deficient  in  this  last  mentioned  substance.  When 
sabjectetl,  however,  to  the  microscope,  the  opinion  is  shown 
to  be  eiToneous.  la  most  of  them  silica  is  found  in  abun- 
dance, either  in  the  form  of  fine  qoartx  sand,  bearing  marka 
oS  being  water-worn,  or  in  excessively  minute  angular  fi^g- 
ments,  probably  of  volcanic  origin,  or  as  tbo  petrifying  mat- 
ter of  infusoria.  And  chemical  examination  confirms  tbis, 
proving,  in  addition,  that  ailica  is  largely  present  in  combi- 
nation with  alumina. 

The  sands  of  Barbadoea  vary  much  in  tholr  nature,  accord- 
ing to  the  situation  in  which  they  are  found.  The  sea-sand, 
tKna  two-Uiird8  of  tlic  Rhore  constituting  the  circumference 
of  tlic  iHland,  consists  of  comminuted  shelK  water^wom,  with 
very  little  siliceous  or  other  matters,  forming  a  valuable 
material  for  the  purpose  of  agi-iculture,  although  hitherto 
little  used.  From  the  remaining  one-third  of  the  sliore,  viz.. 
from  the  north-east  coast,  the  sand  is  n-  mixture  of  quartx, 
in  watei'-wom  grains,  and  of  comminuted  shells,  the  former 
preponderating.  Tlio  shcll-soud  correaponds  to  one  kind  of 
geological  formation,  the  siliceous  to  another ;  the  one  pecu- 
liar to  that  part  of  the  island,  tlie  greater  portion  of  it  con- 
sisting of  calcareous  depo&its  abounding  in  marine  organic 
remains ;  whilst  tlic  siliceouB  sand  corresponds  to  the  smaller 
portion,  formed  of  totally  dlRi-reut  deposits,  partly  chalk,  con- 
taining silicated  infusoria,  partly,  and  in  larger  proportion, 
of  clay,  sand,  and  gravel,  more  or  less  cohering,  vi'itli  vs-hich 
beds  of  coal  are  intcrmi-xed,  the  former  seemingly  the  detritna 
of  primitive  and  transition  rocks.  Under  the  microscope, 
nsing  a  low  power,  the  appearance  of  these  two  kinds  of  sand 
is  distinctive.  The  sliifll-saiKl  i»  merely  diaphiinous,  wliilst 
the  <]uart£>Rand  i.s  trunsparent,  not  to  mention  other  pecu- 
liarities ;  and  in  mixture,  the  grains  of  each  are  most  easily 
distingiiinhod,  no  thiit  even  without  chemical  examination, 
on  mere  inspection,  it  may  nt  once  be  pronounced  which  in- 
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gmHent  ts  in  largest  proportion.  The  same  <leciaion,  from 
Ibc  like  inspection,  nmy  be  conftdently  modo  on  some  of  tbe 
sands  at  a  digtancc  from  the  coast,  which  consist  almost  en- 
tirely of  fiilieeouK  matter,  without  any  traces  of  comminuted 
Hhclls  ;  and,  in  ench  instance,  chemical  examination  is  found 
to  be  confirmatory  of  the  microscopical.  I 

I  uliall  pasa  now  to  some  instances  of  a  different  kind- 
Thc  unaided  vision,  as  it  is  well  known,  cannot  dtstiugnisb, 
with  sufficient  exactness,  precipitates  of  different  substances 
by  their  appearance,  when  they  arc  colourless,  as  those  of 
the  dificrent  earths,  whether  thrown  down  in  the  state  of 
hydrate,  or  in  combination  with  an  acid.  But,  calling  in  the 
aid  of  the  microscope,  the  distinction  can  often  be  made 
without  difficulty ;  and,  if  not  at  once,  it  can  bo  made  with 
little  trouble  by  tlie  addition  of  an  acid,  of  one,  namely,  the 
combinations  of  which'with  difiei'ent  eartlis,  under  the  micro- 
scope, have  appearances  that  arc  characteristic  of  them. 

Alumina  and  phosphate  of  lime, — the  one  an  almost  uni- 
versal ingredient  of  hoiIb,  the  other  a  rare  ingredient,  ex- 
cepting in  an  exceedingly  minute  quantity, — are,  as  is  well 
known,  both  precipitated  from  solution  in  acids  by  animonia- 
To  determiuc  which  constitutes  the  precipitate,  so  important 
ID  relation  to  agriciilturnl  purposes,  is  a  difficult  matter, 
employing  merely  chemical  means  as  tests,  unless  iii  a  well 
appointed  laboratory.  But  with  the  aid  of  the  microscope 
the  difficulty  vanishes.  Seen  with  it,  the  precipitate  of 
alumina,  owing  to  its  excessive  subtlety,  aJid  the  low  re- 
fractive power  of  its  particles,  has  a  hyaloid  appearance, 
while  the  other  has  a  very  fine  granular  aspect.  The  addi- 
tion of  n  drop  of  dilute  sulphuric  acid  will  make  the  appear- 
ances  even  more  distinct.  If  the  precipitate  is  entirely 
almoioous,  it  will  have  a  glacial  appearance,  and,  on  evapora- 
tion to  dryness,  tJiis  appeamuec  will  be  retained,  tlie  cryatal- 
Itzations  foniied  being  not  unlike  those  of  ice  in  tlielr  gene- 
ral character;  whilst,  if  tlie  precipitate  is  of  phosphate  of 
lime,  immediately  on  admUttu-o  with  the  acid,  if  properly 
proportioned,  needle  crystals  will  appear  in  increased  quantity 
luixcd  with  some  delicate  rhomboidal  plates.  And,  in  tlie 
instances  of  niinci]  prccipiiaten  by  ammonia,  of  Tt.\v.\Tav(\^  %u^ 
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pboBplMto  of  lime,  aooonlmg  as  tlie  onu  or  the  other 
miiudfia,  will  be  the  proportimi  io  which  the  one  or  ot 
aspect  will  be  imparted  to  the  mixtore ;  aud,  should  pb 
phate  of  magne&ia  be  pre&ent  in  admixture  with  alumiaa 
aiid  phoiipliate  of  liuic,  it  may  easily  be  detected  under  the 
intcrasco{)C.    Before  the  addition  of  Uie  acuJ,  ita  wcU-nmrkotl 
ci7«talit  will  bo  H«eii,  which  after  tlint  additiou  will  diiia]>iioar. 

Am  my  ohjeut  i*  cliicfly  to  draw  ottciitiun  to  Uio  applica- 
tion of  thv  microscope.-  us  uti  aid  to  chcmicul  reKearcb,  the 
instances  adduced,!  trust,  will  be  cooaidered sufficient  in  the 
way  of  illustration.    Very  many  more  might  be  given, 
they  would  be  out  of  place  on  this  occasion.     Were  the 
minutely  detailed  they  would  be  tedious  ;  and  were  they  on); 
briefly  adverted  to,  practically  they  would  be  uselesa.     The' 
subject,  to  have  justice  done  to  it,  would  require  a  dtatlnct. 
treatise,  founded  on  laborious  research,  and  giviug  tlie  re 
suits  of  such  reseoi'ch  ;  and  it  ia  one,  of  which  it  may  con 
fidently  be  predicated,  that  it  would  amply  repay  wbatevQ 
time,  whatever  labour,  might  bo  expcudcd  oa  the  uudei 
taking. 

In  conclusion,  this,  it  appears  to  me,  may  justly  be  aaid  to^ 
commendation  of  the  mici-oscope,  in  all  its  applications,  that 
its  tendency  is  equally  to  facilitate  and  increase  accuracy  c^| 
obiicrvatiou,  and  hence  to  reniovo  vagucnetts  and  give  pre-     i 
cisioQ  crf'viewN,  and,  nt  the  same  time,  to  add  wondci-faUj 
to  the  iDterest  of  inquiry,  and  to  extend  ita  sphere, — ^in  thii^l 
rcBpect  having  an  influence  in  relation  to  subjects  for  chemi- 
cal rescttrcJi  resembling  that  of  the  most  powerful  teleacopea 
in  relation  to  the  objects  of  asti-onomical  research,  both  con-fl 
duciiig.  tlie  one  hardly  Icbs  tiiau  the  other,  by  tJie  pheuouiooa 
tbey  display,  to  excite  in  tbe  mind  of  the  pliilo^opbical  in- 
quirer feelings  of  admiration,  and  of  awe,  and  not  lew 
humility. 
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NoUs. 


At  Uic  close  of  October,  Gatesgartli  and  Wastdnle  ex- 
ceeded GraBniere  by  17'3G,  ami  6-40  inches  resitectlvcly ;  but 
the  excess  in  tJie  latter  locality  in  November  anil  December 
has  turned  the  scale  aa  regards  ^V.aBtdal^,  and  reduced  the 
excess  at  Gat«agarLli  to  3  ittclieis.  The  fall  at  Langdale,  dur- 
ingtbe  seven  montbs  tlie  insti'iinient  has  boon  up,  is  only 
lOi^  inches  Hhort  of  Seathwaite ;  snd,  taking  the  other  five 
months  in  tiio  same  proportion,  gives  136  inches  for  the 
whole  year. 

At  Sctttliwaitc,  there  have  been  tbirty-one  days  in  which 
tlie  fall  was  between  1  and  3  inches,  five  days  between  3  and 
4  inches,  one  day  between  4  and  5  inches,  and  one  day  be- 
tween 6  and  7  inches. 

On  the  27th  November  1845,  there  was  measured  at  Seath- 
waito  6'62  inches,  and  on  the  26tb  and  27th  nearly  10  inches, 
bi»Dg  tiie  greatest  quantity  of  rain  which  baa  ever  been  niea- 
rared,  in  the  same  period,  in  Gi-eat  Britain.  At  Lnng<lale 
Head, in  Westmoriilaud, the  fall  on  the  27 tb was  628 inches, 
and  on  the  26th  and  27tK  nearly  9  inches.  The  consequence 
waa,  the  heaviest  flood  which  has  occurred  at  these  places  for 
at  least  sixty  years  past.  "Windermere  Late  had  not  been 
■0  liig:b  for  the  last  fifteen  years ;  on  the  night  between  the 
96tii  and  27th  it  rose  2  feet  in  perpcndicnlar  height ;  the 
quays  along  the  banks  of  the  lake  were  immersed  in  water, 
and  much  wood  was  carried  away  by  the  current  and  lost. 
Keswick  Lake  had  not  been  so  high  since  Novemher  30, 
1838,  Of  tJie  total  quantity  of  rain  measured  in  tlie  vale  of 
Borrowdale  in  1845, 106-58  inches  fell  in  the  six  months  of 
January,  March,  August,  October,  November,  and  December, 
ADd  neaHy  46  iacbea  in  the  two  latter  months. 
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Such  waa  the  violence  of  the  storm  on  thu  nii»Iit  of  the  28tU 
December  in  tlie  lake  diatricts,  that  a  number  of  fish  were 
found  next  day  on  the  margin  of  Basaenthwaite  Lake,  which 
had  been  thrown  up  hy  the  wares  in  the  coarse  of  the  nighft 
b}'  the  force  of  the  ^vind,  a  circumstanoe  wholly  without 
parallel,  except  on  the  night  of  the  memorable  6tb  of  Jonu* 
ary  1839,  The  rain  which  foil  in  the  iircccding  twenty-four 
hours  amounted  to  4-23  inches ;  at  Whitehaven,  thu  quantity^ 
WM  S23,  or  about  n  quarter  of  an  inch.  fl 

Tbi-ough  the  kindness  of  varioua  gentlemen,  I  am  enabled  ~ 
to  add  return!*  of  the  rain-&U  in  1646,  from  Bcveral  placet 
tliroughout  Great  Dritain,  by  way  of  coinpariaon  with  tli' 
quautiticB  measured  in  the  lake  distrtcta. 
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The  fall  at  Seathwaite  ia  more  than  three  times  tbe  quan- 
tity measured  at  ^Vhit(!haven,  one  of  the  wettest  toiinu  in  th^^ 
kingdom.     It  exceeds  the  fall  at  Leeds  by  six  times ;  at  Oul^f 
loden  by  five  and  a-hatf  timet! ;  at  Doncaater  and  Ilighfield 
House,  Nottinghamshire,  by  five  times ;  at  Cirencester  and 
Arbroath  by  fivc-and-a-quarti>r  times  j  and  at  Makerstounifl 
near  Kelso,  the  aeat  of  Sir  Thomas  Brisbane,  Bart.,  by  more 
than  seven  times.     Seathwaite  exceeds  Doncaster  in  Jana-<< 
ary  by  fifteen  times,  in  November  by  twenty-one  times,  an 
in  December  by  ninc-and-a-half  times.     It  exceeds  the  quaii 
tity  at  York  in  January  by  16  inches,  or  twenty  times  ; 
March  by  nine  times,  and  in  November  hy  t^venty  times-    It 
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cxceeils  Dublin,  in  March  by  fwurteon  limeB,  in  April  by  thir- 
teen timea,  in  October  by  five  times,  nni]  in  November  by 
sercn  timc». 

The  quantity  measured  at  Scatliwnite,  and  at  Langdalt> 
Head  in  thu  month  of  December  (24  02  incliea),  is  moc  tlinn 
r»lU  at  some  pUccx  in  England  during  a  year. 


Renxarki. 

It  U  much  to  bo  regretted,  that  the  meteorolnj^y  of  our 
and  mountain  districts  should  have  been  ho  lung  ne- 
Prior  to  the  establishment  of  these  gauges,  there 
w€i*e  none  sttttioned  in  Gumherhiad,  and,  so  far  as  1  am 
iiwai'c,  only  two  among  the  lakes  of  Westmoreland,  viz,,  one 
at  £sthwaite  Lodge,  and  the  other  at  Grasmere.  The 
largest  quantities  measured  in  any  ytar  were,  80  inches  and 
90  inches  res[joctively ;  and  so  staHling  did  these  amoants 
appear  tu  meteorologists  when  first  made  known,  that  many 
were  led  either  to  doubt  their  authenticity,  or  to  suspect  tlie 
accuracy  of  tlic  instruments  employed.  But  subsequent  in- 
vestigation shews,  that  these  mUies  are  exhibited  in  some 
portions  of  the  laie  district  of  Cumberland  only  in  the  very 
driett  years.  Thue,  in  the  period  from  July  1844  to  Juno  1845 
(which  for  drought  has  only  found  a  parallel  in  tlie  memor- 
able 1826),  tlic  i'all  at  Gatesgartb  and  Waatdale  Hood 
amounted  to  83-96  and  88'42  inches  respectively;  and  at 
Grasmcre,  in  Weatmoreland,  to  74  inches  nearly.  But  we 
raspcct  that  meteorologists  will  hoi'dly  be  prepared  fur  the 
diflcovory,  that  we  have  localities  in  our  own  country  which, 
eren  in  average  years,  exceed  the  amount  of  rain  annually 
deposited  in  many  tro])ical  climates.  Yet  such  is  the  almost 
incredible  fact.  At  Grenada,  lat.  12°-5',  the  average  fall  is 
126  inchea ;  at  St  Domingo,  lat.  18°.20',  it  is  120  inches ;  and 
at  Calcutta,  in  lat.  22"-35',  it  is  81  inches. 

In  the  past  year,  the  quantity  measured  in  the  vale  of  Bor- 
rowdolv  exceeds  tlie  largest  of  these  amounts  by  25-87  inches. 
^K  An  inspection  of  a  map  of  the  county  in  connection  with 
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tho  table  will  xliew,  thnt  ttie  wettCHt  porUons  of  the  lake  dis- 
trict  aro  those  Bituatc  »t  the  head  or  Gaat«rn  extremities  of 
thoBe  vallcya  formod  hy  our  higlieat  niountaiD  ridgea, amongst 
whtch  we  the  Grcut  Oabcl,  Sea  I'VU,  Glaramftra,  Red  Pike,  _ 
High  Stjie,  and  Honiater :  the  first  beiDg  appareotlj'  the  fl 
grand  central  point  of  attraction  and  condcniiation  for  the 
warm  vapour  arriving  in  a  Boath-westerly  current,  across 
the  Atlantic  ;  and  it  ia  a  romarkahle  coincidence,  that  nearly 
all  our  lakes  bear  in  the  direction  of  Gabel,  no  that,  if  ex- 
tended  onward  in  a  direct  lino,  they  would  all  converge  at 
the  ha*e  of  this  noble  mountain. 

TmmenHC  as  is  the  deposit  of  rain  at  Gatcsgarth,  Graamorc, 
Wastdalc,  nnd  other  portions  of  the  diatrict,  as  ahewn  in  a 
former  tahlc,  even  these  enormous  quantities  sink  into  com- 
parative insignificance  when  compared  with  t)te  fall  at  Seath- 
waJte,  a  small  hamlet  at  the  head  of  the  vale  of  Horrowdale. 
It  exceeds  the  wettest  of  the  other  localities  by  27*74  inches, 
or  by  oue-fourth  neai-ly.  Now  it  is  chiefly  the  deposit  in  tlio 
vale  of  Borrowdale  >vhich  supplies  the  majestic  riier  Ut-rwcnt, 
and  the  extonsivc  and  pictm-esque  lakes  of  Derweiit  and  Baa- 
senthwaite,  Bo  that  wc  might,  a  priori,  have  expected  to  find' 
the  grcatoBt  amount  of  rain  in  this  section  of  the  district. 

The  gi'cat  difference  in  the  fall  between  plnces  closely  con- 
tiguous to  each  other  is  very  remarkable.  The  proportion 
which  obtains  between  Ennerdale  Lake  and  a  farm-hous«'{ 
about  1 J  mile  distant,  is  as  two  to  one  nearly,  Loweswater, 
Buttermei-e,  and  Gatengarth,  aro  all  in  the  same  line  of 
valley,  surrounded  by  the  same  i-idgc-a  of  momitains,  and  arsH 
each  distant  about  two  miles  ft-ora  the  other.  Butterniera 
exceeds  Loweswater  by  eighteen  inches,  or  one-fourth;  and 
Gatesgarth,  at  the  head  of  the  valley,  exceeds  Buttormere  by 
36'C5  inches,  or  nearly  one-half.  Here  tlic  difTerence  between. 
the  head  and  foot  of  the  valley,  in  a  distanec  of  four  or  fivft, 
miles,  is  54-588  inches.  But  the  sudden  increase  in  the  fall 
towards  the  head  of  the  valleys,  is  appreciable  atmueh  more 
limited  distances.  At  Wastdale  Head,  I  have  two  gauges  of 
precisely  the  same  size  and  shape,  and  within  half-n-qunrter 
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rfft  milo  of  eucli  other,  yet  the  difTerenco  of  ihc  receipts  in 
BBingle  montli  somctimea  aniounta  to  hnlf  an  incli. 

The  auiii?x«(l  stAtomeiit  will  sliew.  tiiat  tbc  cxceits  !s  al- 
ways in  fiivoiir  of  tlic  liiglicr  gauge,  marked  No.  1. 


istS. 


»<■.!. 


Nci. 


Dlff. 


OrtoliOT, 

12-35 

1169 

■ii 

NortTinbor, 

12-31 

11-90 

■41 

Secoiabcr, 

16-18 

ia-79 

•40 

law. 

JaiiDATf, 

12-97 

12-47 

-50 

Febraarjr, 

6-60 

6-58 

■o» 

Mureh, 

1036 

1007 

■28 

Ajita, 

6-58 

6-16 

■43 

3-6.1 

3-44 

-21 

June, 

£-33 

t'85 

•48 

The  cnrront  of  vapour  la  apparently  only  partially  decora* 
posed  in  paBsing  over  a  flai,  or  even  an  undulating  country ; 
it  aims  at  once  at  tlie  loftiest  1ieiglit»,  paHsinj^  over  the  leas 
hilly  districts  ivith  little  diiiiinutiou  of  its  oi-iginal  weight  or 
Tolutne.  But,  on  reaching  the  monntaia  peaks,  tlie  sudden 
change  of  temperature  cnnseB  n  rapid  and  oontinnous  conden- 
ution  in  the  form  of  vast  ton-entu  of  rnin,  whilst  compara- 
tively little  descends  on  the  adjncent  plains. 

Ab  an  instance  of  the  low  temperature  on  our  mountain 
tops,  I  may  mention,  tiiat  on  malting  the  nscent  of  Sltiddaw, 
on  the  5th  of  September  last  year,  the  thermometer  on  the 
summit  stood]  at  41";  sky  overcast,  the  sun  shining  out  at 
intervals ;  the  temperature  of  the  air  at  the  foot  of  the 
mountain  at  3"  SO",  was  58°.  Snow  not  unfrequently  con- 
linnea  on  Sea  Fell  till  the  middle  or  end  of  June.  We  remem- 
ber Rceing;  &  patch  on  the  16th  of  June  1843 ;  and  on  the 
nciji;hhouring  mountains  the  au>  was,  bo  intensely  cold,  that 
w«  think  it  could  not  ho  more  than  two  or  three  degrees  above 
the  point  of  congelation. 

Tiiat  the  r.ipid  increment  in  the  fall  in  npproaehiiig  mo«n- 
toinoas  districts  is  owing  to  tho  caueea  above  alluded  to,  and 
not  to  ttio  greater  number  of  wet  dayx,  is  evident  on  an  in- 
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npection  of  the  table,  where  it  will  be  fouiKl  that  wo  bave  as 
inany  wettUyaat  Wliilehnvcn,  near  the  level  of  the  sea.  In- 
deed, it  rarel;  rains  in  any  pArt  of  the  lake  district,  that  the 
dajf  is  not  also  wet,  mort-  or  Icbs,  lit  the  coast ;  and,  in  com- 
paring  the  number  of  wet  days  at  rarious  placeft,  we  not  un- 
frequently  find  theni  to  obtjiiii  in  the  inversv  ratio  to  the  fiill 
of  ruin.  Thus,  in  1845,  they  range  from  1U6  to  211  in  the 
lake  districts;  but  at  Manchester,  with  a  fall  of  41  incltoa, 
they  amoaut  to  23&  ;  at  Culloden,  with  a  fall  of  27  inches,  to 
237  :  and  at  Kendal,  where  tlie  quantity  of  rain  is  53  inches, 
tlie  wet  days  are  only  178.  At  Carlisle,  the  wet  days  arc  the 
Mmo  aa  in  Uie  lake  districts,  where  the  fall  is  four  times  as 
much. 

We  are  informed  by  a  gentleman  recently  returned  from 
India,  who  wa)t  many  years  medical  attendant  to  tlic  Riyah 
of  Sattarab.  that,  ho  seldom  mcasurt^d  moi-u  Uian  40  indies 
of  rain  in  the  jilain ;  but  iiuiong  tlio  hillR,  :10  miles  distant^  the 
annual  quantity  reached  '.ibO  inches,  and  as  much  as  9  inches 
had  been  known  to  fall  in  24  hours. 

Tlie  utility  and  beauty  of  tins  arrangement  is  obvious, 

since  the  mountain  torrents  afford  tt  continuous  supply  of 

water  to  the  lakes  and  rivers,  which  olliei-wise  could  scarcely 

have  an  existence.     The  rivers  thus  called  into  being  aid  the 

efforts  of  the  husbandman,  by  can-ying  olT  the  superfluous 

moisture  from  the  plivine,  which,  without  such  a  prorlsion, 

would  be  in  danger  of  stagnating  into  pestilence." 

J.  V.  MlLLHlt. 
WaiTEU*vBS,  JhI-j  X816. 


*  Tho  monih  of  July  lS4ti  mus  vi:ry  isnt ;  itt  \VIi11o3iivcd.  tho  fill  wm  up- 
wntili  uf  nino  in«li(i«,  being  tlic  grestcst  wo  bavo  had  lineo  Janunry  1634.  Is 
tnnio  parU  of  Uic  hake  iliitricU.  tliu  ijunntiiv  maclit'l  -0  +  Incbci. 

Tho  flvp  mounlnin  E*ugct,  whkli  are  bi  lOovailoni  varyLng  IVom  X200  to  3106 
fool,  would  «iim  to  ilicw  thai  Ihn  rain  infrfoi'i  (rvia  Ihii  valli-ji  upwanb,  ta  an 
tdtiludoof  3000  firot,ai>il  dctrousea  abovo  that  rliTnUoD.  fl'o  ha^e  EontLniwiw 
remits  slnf^o  Mnrcb  laat,  aiii)  tliny  promlsu  to  bo  both  blghly  Intorestlng  and 
inportaiit  to  inouoruloglcal  •dcnoa. 
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Note  on  "  Sheep-manure."   By  JOON  Da\t,  M.D.,  F.K.S.,  *^ , 

Inspoctor-Coneral  of  Army  Uospitak.                     ^m 
Of  the  many  indications  of  enterprise  iu  Uie  present  timen,   " 

not  tlie  least  remarkable  are  the  exertions  which  have  been  ^ 

made  to  procure  manure  ;  and  these  have  been  digplnyed  in  fl 

.             the  West  Indies  fidly  as  much  as  at  home,  as  indeed  might  H 

be  expected,  considering  the  large  capital  invested  in  the  | 

,              caltur 

B  of  the  staple  article  of  the  agi-icuIlurG  of  these  re^ons  ■ 
aogar-eane — and  tlie  importance  jiistlv  attached  to  the 

1           — ^the 

'            BOppIying  it  well  with  inanuro.     Amongst  the  various  arfi-  ^ 

olea  impoi-ted  for  this  purpose,  one  has  come  to  my  knowledge,  H 

trhtcb  I  believe  may  be  desorving  of  the  attention  of  our  own*  1 

Hgriciilttiristti,  on  account  <if  its  excellent  qualities,  respect-  ^| 

Dr  Duvr  on  "  SA«e/>- Manure.' 
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ing  wliicli  there  cannot  ho  a  doubt.  I  nlludo  to  shc«p'ft  clung 
in  u  dry  stut«,  driod  mcroly  by  exposure  to  the  aunnnd  wind, 
and,  tliorefoTO,  rctuininK  all,  or  almost  all,  its  oi-igbal  virtues. 

This  manure  has  bcon  imported  into  Nevia  in  caako,  by  an 
cntcrpnfiiiigandiuti.tlligciitniorcbnnt,  a  planter  of  that  island, 
who  is  now  applying  it  to  his  cane-lields.  From  hiro  I  have 
received  a  portion  of  it,  sufficient  for  examination.  I  shall  re- 
strict myself  at  present  to  a  vcrj-  brief  mention  of  it>  and  of 
tbc  results  obtained- 

It  is  of  a  dark  greenisli-bi-own  colour,  o  congenes  of  rainnte 
fibres  and  scalps  or  lamiDio.  To  water  it  yields  slowly  a 
Holtition,  containing,  besides  a  greenish-browu  colouring  mat- 
ter, a  little  seaqui-carbonatc  of  potanli,  ciirbonatc  of  anunonia, 
and  a  traco  uf  muriate  of  ammonia;  acted  on  by  dilute  mu- 
riatic acid,  a  solution  is  formed  containing  a  Inrgo  proportion 
of  pboapbate  erf  lime,  and  some  limu  and  miigtic^iu,  wbicb 
probably  exist  in  the  manure  in  tbt.-  state  of  carbonate.^.  The 
pwt  i-cBtsting  tile  action  of  water  and  acids,  consists  princU 
pnlly  nf  vcgct-able  fibre  and  ailicious  matter,  and  is  not  iu-^ 
L-onsiderablc. 

This  composition,  if  I  recollect  rightly,  agrees  very  nearly 
witb  that  of  the  dung  of  our  English  Down-fed  sheep,  and  is 
cei'tainly  suchanis  in  accordance  witli  high  fertilizing  powers. 
The  article,  1  am  informed,  was  imjiorted  from  the  .Spanish 
>ffttu,  but  from  what  i)ivrt.  exactly  of  the  American  continent 
1  have  not  learned,  nor  its  price,  nor  in  what  quantiticB  it  can 
li*  procured. 

Could  it  be  liod  in  largo  quantities,  and  at  a  moderate  price, 
from  tt  matter  of  curiosity — for  it  is  hardly  moi-e  at  present 
in  relation  to  British  Agricultm-e — it  might  become  one  of 
some  importancOi  especially  ns  in  its  dry  pulverulent  state, 
it  is  so  well  fitted  for  drill  liitsbandiy,  "  to  be  drilled  in  witJi 
Ihfl  seed,"  a  plan  ivLich  a  writer  in  a  lato  number  of  an  agri- 
cultural journal*  considers  peculiarly  advantageous,  and,  oa 
it  appears  to  me,  vei7  justly  to.  . 

IUKbMMKIi.  (ktabtr  9.  lOtU.  1 


Mr  n™r>  UAdcU,     Pri> "  Tlic  r»in:tt'f  HmhW"  fcj:  Autwl\SW,v.Sft. 
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On  the  Conr»f  of  Elerlrie  CHrivtitr  on  lAr  Rarth,  and  ca  tht 
Came  of  Terrettria(  3fa^rictum.  By  0'EOU«K  A.  liOWELL, 
of  Oxford.'    Communicated  by  tho  Author-t 


At  tlio  late  ineotiog  of  the  British  Assooation  At  South> 
imipton,  I'rofuttRor  Oersted,  apeakin^  on  the  dcTUition  of  fiiU- 
iiig  lioilios  from  the  pcvpendicular,  stated,  that  cxporimcuts 
on  thfi  subject  shew  that  there  is  a  deviation  towai-ds  the 
east,  wliicli  agr^eii  with  theoretical  calcuhition;  but  that  tJicre 
ia  also  a  deviation  towai-Ja  the  soutli,  which  U  not  easily  iw 
counted  lor.  In  the  discuBsion  which  followed,  it  was  sug- 
gested that  tliis  phenomenon  was  cauBod  by  currents  of  elec- 
tricity, which  are  said  to  circulate  round  the  earth  in  the 
direction  of  the  parallels  of  latitude,  to  which  currents  aro 
attributed  the  phenomena  of  terrestrial  magnetism ;  but  it 
was  considered  dimbtful  whether  such  currents  could  cause 
a  falling  body  to  deviate  towards  tlic  Hoiith. 

The  phenomenon  in  question  will  be  more  readily  accounted 
for,  if  it  can  be  shewn  that  there  are  cun-ents  of  electricity 
in  this  hemisphere  from  north  to  south,  the  pi-obability  of 
which  [  endeavoured  to  prove  in  a  paper  read  before  the  Ash- 
malean  Society  in  1840,  and  at  the  meeting  of  the  British 
Association  at  Glasgow. 

As  tJie  two  theories  are,  at  present,  hypothetical,  and  aa 
both  cannot  be  eoiTect,  I  will  endeavom-  to  shew,  that  facta 
preponderate  in  fuvonr  of  tlie  latter  opinion,  and  that  pheno- 


•  Ke«d  bpfuro  the  Anlinioleim  Society,  Kov.  23,  1846. 

t  I  beg  rfinpcctl'unir  tu  ritcnll  attention  to  the  pn|wr  jiil'mltlod  to  Ibe  Aabmo- 
lean  Sucli'ty,  February  U3  (whicli  appears  in  Uin  EJinburgh  Sew  Phtlowplu- 
e»l  Jonriial  Cor  jVpril  Liet),  in  which  I  stulenvourod  lo  shew  the  jirobiiljllltjr 
tliDit  Blorms  and  iiEriiil  curcciits  aro  oxin^  tu  purtia]  vnGUUiiiFi  cnusvd  by  tbc 
[jrecipitnlioii  of  iiiiii,  und  the  ciaipe  (if  clualritily  from  tlouiii  in  a  much 
grwiliic  degroo  thnn  to  uhangej  ol'  tempernlaro. 

This  theory  ■I'linir,  in  boric  mi>ftsurc,  cunflrTnoiI  by  the  extraordinary  rain*  on 
the  EuropBun  cnntinont  during  the  luit  mnntli,  b<!ng  acoonjiianied.  In  Bnglnnd, 
by  vloI«nt  «t<>ri]u  uf  » ind,  cliielly  rroni  tlie  wot  and  norlli-iroit. 

G.  A.  ItOwnLi.. 
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mena  of  tcrrcHtrial  magnetism  can  be  more  readily  accounted 
fw  l)y  the  latter  Uieoi7.* 

The  bypoiheaiH  that  ciuTents  of  electricity  circulate  round 
Uie  earth  in  parallels  of  latitude,  is  grounded  (cliiefly,  I  be- 
liere)  on  the  phenomena  of  themio-electj-idty,  from  which  it 
i*  assumed,  that  as  the  earth  is  unequally  heated  by  the  snn, 
there  must  be  currents  of  electricity  on  its  surface,  tlie  earth 
being  thua  a  grand  thernio-olectrical  machine ;  and  as  Uio 
magnetic  needle  taken  a  position  at  right  anglea  to  tlie  con- 
ducting wires  of  a  voltaic  battery,  that,  tlieivfore,  then*  cur- 
rentfi  on  the  earth's  surface  must  be  at  right  anglea  to  Hie 
maffnetic  meridiem.  This  theory  has  been  adopted  by  nuiny 
of  oar  moBt  eminent  pbilosopliers  ;  but  I  trust  I  may  not  be 
diftrged  witli  presumption  in  pointing  out  some  objections 
nliich  appear  to  mc  to  tell  against  it- 
There  has  nevci',  I  believe,  been  any  distinct  proof,  %  ex' 
periment,  of  auy  currents  on  the  earth  crossing  the  magnetic 
lucridian.  The  experiments  of  Mr  Fox  shew,  that  the  cun-cnts 
lie  detected  were  generally  from  nortli  to  south,  but  it  is  pro- 
bable the  whole  of  tbeni  were  oiving  to  local  causes. 

Again,  the  intensity  of  teiTestrial  magnetism  is  wi-Jikcst  at 
or  near  the  equator  ;  wbci'ejis,  if  it  be  caused  by  thermo-olec- 
tricily,  it  would  probably  be  most  intense  where  the  sim  acts 
with  the  gi'eatest  power ;  and  it  is  also  reasonable  to  Hup- 
jiose  that  there  would  be  a  great  difference  in  the  intensity 
of  terrestrial  magnetism  during  tho  summer  and  winter 
tnonthit  in  our  own  and  higher  latitudes. 


*  Thcori«i  hftitt  been  |irci|ioecr]  iVuni  lime  to  lime,  to  account  for  the  pheno* 
rB#n«  of  t«rr«iilTiDj  ttingnMUm  on  t!ie  hjimlliesis  tlint  they  uro  fftosod,  wlioUj 
or  In  part,  by  aoinc  niiij(>ii!tio  ngenvj  siluntcil  !a  th«  interior  of  tbc  onrth,  or 
that  tli«  MrUi  itHlf  solii  3S  a  msgnot. 

It  would  be  an  liitoriMtli);;  r^pcriineat  to  a»c(<rULlD  if  there  U  im;  dtfflnrenM 
la  tii«  w«Ight  of  unmngnetitcil  iron  in  litgb  unit  low  lulituclen,  movo  tlimi  ona 
t*  ■Moaiited  foe  by  tlic  form  oTtho  earth  ;  fop  ifnny  uf  the  pliAnomrnn  of  mag- 
netlun  are  caiued  by  mii^Ti^tlc  influnnuii  within  Ihc  uni-tli,  it  i*  |irobii1ilr'  thii'v 
■nuld  Iw,  If  >oeh  opinion  Iro  corrert,  ]iii  in^reine  in  the  ivi.-ighl  of  Iron  corre- 
((■Cnding  itilh  llin  Siicriuwii  of  llir  dip  c-f  llio  ikiciIIp,  or  railicr  at)  nppi-iininc'.-  of 
tiiiiiiMii  iif  Mfldht  from  lb*  a-Mltiwi  of  nrngnctic  Rltraption  to  ilio  •poclflc  gm. 
I'ltiraf  ibe  item. 
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Tlio  deolmatiou  of  the  needle  Heema  totally  InexplicitMe  «i 
tlii«  liyi><>tlieHii),  and  the  inlliienoe  of  the  aurora  on  ti'iTM' 
trift)  ttiAgn^*'"™'  <^')p*>ci(iUy  in  high  latiladea,  hIm  Mvms  to 
tell  ngoinvt  tlie  theory. 

Ajt  PMgttnls  tlic  tUpory  that  tliere  *re  electrical  currenta 
from  the  frigid  rcgionit  to  the  o(inator,  it  i*  proved  by  Volta's 
and  other  exporinienta,  that  whenever  eraporation  takcK 
place.  tJiw  vapour  earriuH  off  pusitivo  uloctricity,  leaving  the 
wAter  negatively  cliArged.  The  experiment  of  Frofesaor 
Faraday,  on  the  oleolricity  uf  Hteain,  from  which  lie  w««  led 
to  conclude,  that  uo  electrical  development  could  tdko  place 
ti-oni  the  evaporation  of  a  nalhie  inixtitn>,  and  that  evapors- 
tjon  is  not.  the  entire  uf  tJio  electricity  of  tlio  atmoHphero,  tell 
against  the  tlieory :  but  the  conctusionii  of  Pouillut  on  Uie 
electrical  pheuomena  of  evaporation  rn-e  directly  the  rcveriw; 
for,  alUiough  he  agrees  generally  with  Dr  Faraday  on  the 
phenomena  of  the  electricity  uf  Hteam,  ho  "  haa  dcmoHHti'ated 
tliat  tlic  conversion  uf  ymrv  water  into  vapour,  at  any  tem- 
perature, it)  nut  attended  with  any  disturbance  of  the  electrio 
ur|uilibrium,  but  that  vapour,  rising  from  solutions,  however 
\venk,  gives  signs  of  electricity,  varying  in  kind,  according  to 
the  nature  of  tlic  substance  diuolvod.  From  salin«  or  acid 
Bolutionn,  the  vapour  carries  up  a  charge  of  positive  electri- 
city, and  leaves  the  solution  in  a  state  of  negative  electricity ; 
and  the  rule  was  verified  particularly  with  i-egard  to  solutions' 
of  sea'^alt."  The  experiments  of  Armstfong  and  I'attiaon, 
on  the  electricity  of  «tcam,  were  with  boilers  without  any 
aiTongeinent  for  causing  inction,  and  without  regai'd  bciug 
liad  to  the  purity  of  the  water.  ■ 

The  experiment  of  Mr  Pattison  shews  the  vast  quantity  uf  * 
electricity  eiiried  off  by  vapour,  as  he  says, — "  I  repeated 
Volta's  experimout,  by  placing  a  hot  cinder  upon  tJte  cap  ofjl 
a  gold-leaf  electi-ometer,  and  projecting  a  lew  drops  of  water  ~ 
upon  it,  when  the  leaves  diverged  strongly  with  negative 
electricity.     I  observed  that  when  the  dnder  was  very  hot> 
and  the  pi-oduction  of  the  steam  conHequently  very  rapid,  the 
electricity  |pven  out  was  always  most  powerful. 

''I  then  inaulaled  an  iron  pan,  12  inobes  diameter  and 


I 
I 
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iiichcft  de«p,  and  attacliix)  to  H  n  pitli-bftll  cleotronieter, 
wiUi  bulla  Stbfl  of  an  ln«h  dLntnottrr,  and  llireatU  5  inchea 
long,  and  also  nttnclicd  to  the  pan  ii  tnctnlliv  v'lvv,  tlic  pointed 
exU-emity  of  which  woA  [lUfcd  about  t^ih  of  an  Incli  diittaiit 
from  the  {mint  of  another  wire  connocteJ  with  the  grouitd. 
tie  iron  luui  wan  tlion  filled  with  cinders,  vory  liot,  from  a 
iud-furiincc,  and  on  projecting  upon  them  a  few  ouncea  of 
irator,  steam  was  evolved  with  great  rnptditj',  and  At  the  Mime 
moment  the  pi(h~bfttlH  div<;rg«vi  to  the  dlKtance  of  an  inch, 
and  BparkH  paasitd  bttwcun  the  metallic  wires.  Tliin  waa 
Boveral  timea  repcat«d."~-(£on</on  awl  Edinburgh  PhUotopM- 
cal  MaifoxiHe,  1840,  p.  460.)  And  the  expei-iment  on  ovapo- 
ration  from  initiilated  and  nninsabited  tchhoIs  (an  account  of 
whieli  I  Miibmitted  to  the  Ashmolean  Society  in  1841)*  t«nd« 
to  show  that  electricity  is  a  necesaaa-y  agent  in  o^-aporation  at 
moderate  or  low  temperatm-eB. 

It  is  of  little  coniie<iucuco,  as  regards  the  phenomenon  in 
Qaeation,  whether  tlio  vapour  carries  off  the  clecti'icity,  or 
whether  (aa  1  have  cndcavoiirod,  in  fonner  papers,  to  shew) 
the  electricity  carries  off  the  vapour ;  it  ia  sufficient  to  know 
tliat,  duriiig  evaporation,  positive  electricity  is  carried  off, 
ami  the  water  left  in  ft  negative  state ;  consequently,  from 
the  eRormotiM  evaporation  which  in  continually  going  on  in 
the  equatoi-iat  rcj^ions,  the  earth  tlierc  muRt  always  be  in  a 
negativv  aUitc  unless  the  whole  of  the  vapour  falls  again  in 
the  Mme  regions  ;  but  I  believe  it  imdoubted,  that  a  great 
portion  of  tJic  rains  which  fall  in  the  fri^d  regions  is  from 
raiHjur  carried  by  the  superior  trade-winds  towards  the  poleii ; 
and  if  any  moi-o  vapour  fails  in  thu  frigid  regions  than  rises 
from  those  parts  of  tho  earth,  the  earth  there  must  be  sur- 
charged with  electricity,  which  sm-chargo  would  natiu-ally 
rueh  along  the  earth's  surface  towards  tho  equatorial  or  ne- 
gative parts  of  the  earth.  The  aualytiail  rcrtciirches  of  Pro- 
fegaor  Forchhainraer,  on  the  quantity  of  salini'  matter  in 
«eft>wat«r  fi-om  tropical  and  frigid  regione,  apjicar  fully  to 


*  Hat  noU  to  n  )m|)*r  ou  this  subject  ia  tho  Udiubuigb  K«w  FbileBOpliical 
tiMtmi,  vol.  ISKVitl.,  p.  SO. 
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establioh  the  fact,  tliat  "  while  tho  qunnUty  of  wftt«r  carried 
awa;  from  tlic  tropical  r«&  is  greater  than  that  which  min 
and  rivers  give  back  u>  that  aea,  Uie  reverso  takes  place  id 
the  poUir  Mat,  where  the  evaporation  is  very  small,  and  the 
OondcDBation  of  vapour  very  gi'eat."  Therefore,  if  my  views 
be  correct,  the  earth  is  similar  to  a  vaat  liydro-electrical  ma- 
chine. The  vapour,  with  its  eleetrieity,  ri&ing  at  the  equator, 
114  cni-ried  over  towards  the  frigid  regions  where  Um  Tapour 
falls,  and  its  ekctricity  escaping  to  the  earth,  rushes  along  its 
surface  towai-ds  the  equator,  and  is  again  taken  up^  by  the 
rising  vapour.  This  circulation  of  electricity  would  go  on  on- 
interruptedly  during  the  summer,  or  at  all  times  wlien  the 
air  in  the  frigid  i-egiona  is  sufficiently  damp  to  conduct  tlie 
electricity  from  the  vapour  or  clouds  tq  the  earth ;  but  when 
tlie  air  in  these  regions  is  very  dry  during  severe  frosts, 
these  currents  are  interrupted  by  tlie  escape  of  the  electricity 
from  the  vjipour  being  prevented,  when  the  electricity  accu- 
mulating in  the  region  of  the  clouds,  would  exhibit  the  phe- 
nomena of  the  aurora,  eitlier  by  flasliing  back  through  the 
upper  and  rarer  air  towards  the  cqufttori:il  or  more  temper- 
ate regions,  or,  by  the  accumulation  of  more  vapour,  charged, 
either  more  or  lees,  with  electricity,  causing  an  electrical  dis- 
turbance, through  the  whole  mass  of  vapour  by  the  rush  of 
electricity  to  gain  its  etiuilibrium. 

That  the  aurora  is  connected  with  the  formation  of  clouds, 
the  obaervatjona  of  Parry,  Franklin,  Hood,  Kichardsou,  and 
others,  have  satisfactorily  proved.  The  fall  of  minute  parti- 
cles of  snow  during  an  aurora  in  the  zenith,  tenils  to  prove 
this,  and  also  the  theory  of  the  elet-trical  suspension  of  va- 
pour. Dr  Richai-dson  says  it  is  by  no  means  an  uncommon 
occurrence  after  an  aurora  has  continued  for  some  hours, 
and  in  about  to  dUappcar,  but  the  particles  are  so  fine  thati 
they  are  more  readily  felt  on  the  face  than  seen. 

I  believe  that  the  circulation  of  these  ht/dro-tlectrical  cur- 
rents is  connected  with  the  phenomena  of  terrestrial  magnet- 
ism ;  and  the  fact  that  all  ferruginous  matter  lying  in  the 
line  of  the  magnetic  meridian  becomes  in  time  magnetised, 
tends  to  prove  it,  especially  when  it  is  borne  in  niiud  that  a 
needle  is  rendered  magnetic  by  a  shock  of  electricity  passing 


tknmgh  it,  and  tluit  the  end  of  tJie  needle,  nt  wliicli  tlic  posi- 
tive electricity  onttTs,  bccouion  it«  north-pole  (uiiIcns  tbe 
itcedlo  at  thu  time  of  the  »hock  is  lying  in  or  about  the  line 
oftlie  magnGtic  meridian,  in  wliioh  case  the  end  pointing  noi-th 
becomes  its  north-pole).  It  is,  therefore,  probable,  that  these 
currenta  give  direction  to  the  magoetic-needle,  and  the  in- 
t«rruption  of  these  currents  will  account  for  the  occasional 
influence  of  the  aurora  on  the  needle. 

As  the  pre«»ure  of  the  ali-  from  the  colder  regions,  owing 
to  it«  supeaor  density,  is  the  enuse  of  the  trade-winds,  the 
upper  current,  or  superior  /rade-tvinds,  must  be  from  the 
•qnatorial  towarda  the  polar  regions,  and  must  be  strongest 
to  the  eoldeti  parts  of  tlie  earth ;  thus  rendering  those  parts 
tlie  magnetic  poles,'  by  can-ying  to  them  a  greater  quantity 
of  vapour,  and  consequently  electricity,  than  to  other  parts. 

If  more  electricity  be  received  by  the  earth  at  the  Diagnc- 
tic  poleit  than  at  any  other  part  of  tlie  earth,  the  electricity 
in  passing  off  towards  the  equatorial  or  negative  parts  of  the 
«arth  would  diverge  east  and  west  from  the  direct  line  of 
longitude,  owing  to  tiie  excess  of  electricity  at  the  magnetic 
poles  over  otlier  parts  of  the  eartli  in  ihe  same  latitude ;  the 
ilecUnation  of  the  needle  may  he  thus  fully  accounted  for. 

A  large  portion  of  the  ice  formed  during  the  winter  in  some 
parts  of  the  Polar  regions,  such  as  the  neighbourhood  of 
Greenland  or  Spitsbergen,  must  be  dispersed  during  the  sum- 
mer by  being  drifted  into  lower  latitudes ;  but  tlie  ice  formed 
in  winter  in  the  higher  latitudes  of  America  is  so  blocked  in 
by  the  land,  that,  the  gi-eater  part  of  it  must  remain  nuiuelted 
during  the  summer  season,  thus  rendering  that  part  con- 
stantly one  of  ihe  coldest  in  the  northern  hemisphere,  and 
consequently  one  of  the  magnetic  poles  of  tlic  earth.  The 
Mgli  latitudes  above  the  European  and  Asiatic  continents, 
being  under  similar  circumstances,  will  account  for  the  mag- 
netic pole  in  those  regions  also. 

The  sttronger  influence  of  the  American  magnetic  pole  is 
pn>l>iLbly  owing  to  the  vast  extent  of  tropical  seas  in  that 


*  (Ilr  D.  Brcmtcr,  some  years  ago,  punted  out  Iha  coiiuuclion  botwMn  tho 
iw^aettC  pal««  of  tb>  enrtli,  and  tbe  grenlMt  di>gr«e  of  colil  011  Its  auiftce. 
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ravridiuii  rciulvrtiig  tlw  ur  rUhig  tlier«  lutil  flowlnj;  tnm 
thvnoe  (o  tbiil  pulu  highly  c)uirg«d  with  vnpour,  luid  coDie* 
queutly  with  uki-tncity ;  wliilo  the  j^mvi  uxtetit  of  land,  in 
the  meridian  of  the  Siberian  pole,  may  cause  the  sir  flowing 
orer  towards  that  pole  to  be  cotuparativeljr  dry,  A»d  conse- 
quently with  little  electricity. 

The  chiuifte,  ahsorved  in  England,  of  the  declination  of  tJia 
needle  from  11"  ld't.'iuitinl>580  to  its  present  westward  {khh- 
tJon.  lias  been  attributed  to  a  j^odual  motion  of  the  magnetic 
pole  from  east  to  west.  /  believe  that  no  lueh  ttiotJoH  Am 
ta/ieM  /tlace,  and  that  the  miiffiieHn  jnl/^t  Aaiw  neper  ehangti 
thttr  potition  in  any  comitterabtt  decree ;  the  ehange  in  de- 
clination bs«  probahly  been  c«iuscd  by  an  inereiuw  of  power 
in  tJie  American  pole,  or  decrease  of  power  in  the  Siberian 
pole,  or  porluips  a  combination  of  botJi  causes,  thns  gradually 
^bringiuf;  England  under  the  intitience  of  the  American  or 
>nger  pole. 

It  is  oliTioua.  tliftt  Aft  there  are  two  magnetio  polen  in  the 
northern  hcmitphi-n*,  one  omiKing  a  wcstwwd  and  the  other 
an  eastward  declination,  there  must  be  a  line  of  no-variation 
where  tlio  influences  of  both  poles  are  equal  (that  is,  a  tlt- 
trrging  line  of  no-variation.)    This  line  of  no-variation  is  now 
fl.  littlo  to  the  piuft  of  St  Petei-aburg,  and  ,it  must  have  been  _ 
/Ai>  line  of  no-variation  which  passed  over  London  from  «rp*<^ 
to  eagt  in  1657 ;  for  had  the  line  of  no-variation  been  oaaiied 
by  A  motion  of  the  poles  from  east  to  tvenf,  it  would  have  been  ■ 
ai  Paris  (2'  20'  eattt  longiludi;;  bi;foi-o  it  could  l>e  at  London  |^ 
whereas  it  watt  at  Paris  in  16(HJ,  or  9  years  later  than  at 
London  ;  and  as  a  proof  that  it  wa4  a  iKverifins  line  of  no* 
variation,  tlic  viu-iation  ut   Bristol  (2^  &0'  vrn^X   longitude) 
WM  1°  37'  west  at  the  time  there  was  no  declination  at  Paris, 
whereas  it  muitt  huve  been  an  cnj^twanl  variation,  hnd  the 
magnetio  polo  been  at  that  time  in  the  meridian  of  TuriK. 

It  is  difhcult  to  assign  a  cause  for  the  change  of  sti-cngth 
in  the  poles.     It  is  not  improbable  that  the  increase  of  the 
American  pole  may  be  t'rum  an  accumulation  of  iec  in  tha^ 
part  of  the  earth,  or  that  tlie  iSiberian  pole  may  have  d»^ 
creased  in  itti-viigth  from  an  iucreaao  of  teniperaturo  ui  those 
regions;  or,  from  a  decreoso  in  the  oraporution  from  UM; 
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Iwatvd  lanil  in  tbal  nioridtai)  reudoi-iog  Uie  air  tiowiug  over 
to  that  pole  uiorc  dry,  and  consequentljr  rednciag  ita  eleo- 
Iricity, 

The  (Uily  rai-UUou  of  the  needle  la  probably  owing  to  Uio 
dlffttranco  ia  tlte  ^juantity  of  vnpour  vmn^  frgin  the  curUi  dur* 
iDjEf  the  night  and  day. 

I  believe  that  oxpcrimonts  witheloctrical  kitea,  in  the  frigid 
regioDB,  wonid  throw  Mome  light  upon  this  sabjcct,  and  in. 
subinittinf;  a  piipci'  to  the  British  Association,  1840,  I  ex> 
jnviisod  a  wish  thiit  mentis  might  be  adopted  to  test  the  cor- 
IttctncRD  of  the  theory,  by  electrical  balloona;  "for  if  electrical 
eonductora  could  be  niiBod  to  tbo  rloutf*  in  the  frigid  rrffioiu 
during  tJit  Severe  frosts  of  winter,  I  believe  it  possible  to 
eniutti  the  aurora,  and  perhaps  with  startling  and  exti-aordiiiary 
effects ;  and  I  have  no  doubt  it  would  lead  to  very  important 
disooreriea  in  the  seiciic«  of  nuignetism  :  to  shc-w  the  proba- 
bility of  which,  I  hey;  to  direct  attention  to  the  observations  of 
Ci^tAiu  Franklin,  who  found  tlie  aurora  had  great  ctFcct  oO 
the  needle  nt  l-'orl-Franklin ;  and  those  of  Captain  Parry, 
who  found  the  aurom  had  no  effect  whatever  at  Fort-Bowen, 

"  This  discrepancy  is  confirmatory  of  tbu  tlieory :  for  as  the 
mngncticpole  is  computed  to  be  in  70'  0'  north  lutitude.Rtreams 
of  i-lcctrieity  niching  thence  to  the  equator  could  not  act  on 
tii«  noodle  at  Port-Bowen,  which  is  in  73'  4'  north,  but  would 
act  on  the  needle  at  Fort  Franklin,  in  GJJ'  12'  north." 


Kolicet  of  A>«'  Localities  of  Pare  Minerals,  and  Reaiontfor 
Uniting  trccral  tupposed  distinct  Sfiedee.  By  FhAHCIS  ASr- 
O&ft,  Member  of  the  Boston  Society  of  Natural  History,  of 
the  Ameriiaa  Academy  of  Arts  and  Sciences,  &c.* 

Fhoxotiie  front  A'ov  i'ort, — Thi«  rnro  miiioral,  which  aumcs  to 
at  prilici|>*tly  from  Bohemin  nnd  Irt'lnnd,  I  have  dismvci'i'J  among 
a  uite  of  Ep«ei!iien3  uf  vnriouf  kinds  found  on  Nsw  Yurk  iNlamJ,  near 
Harlem,  by  Messrs  Mathoirs  and  •TohnHon,  of  New  York  city.    Tha 
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specimeua,  which  ercnttutlly  proved  to  bo  tJiU  m!neT»l,  were  labeU«4 
Stilbito ;  but  their  sppeomooe  was  bu  peculiar,  tbnt  1  questioned  kt 
tlic  tiRio  whether  t\ioj  hnd  boen  con-octl;  de&ignftt«d,  and  dctorminrd 
I  to  examine  tJi«m  carefully  nt  my  oftrliect  cnnTcnicnce.     I  tiATO  linco 
'^rvceirt'd  two  other  specimens,  bettor  oharnct^riiedthtuitlieBriit.froin^H 
Ml'  Johnson,     'i'be  crystals  are  in  a  geodo  form,  implanted  00  csl-^| 
L  wreoux  fpar.  and  auociftted  with  Bilvor-eoloured  mica  and  a  fow^ 
rwales  of  01  ig  is  to- magnetic  tron-oro.     They  »re  of  a,  wax  or  lioney 
jellow  colour,  havu  n  waxy  luxtro,  and  tho  h-mallctt  individnab  are 
translucent.     They  are  brillli!,  brcalcing  willi  an  uneven  fracture.j 
have  none  of  the  foliated  etruoture  </f  Stilbite,  and  afford  no  indie 
tioiis  of  cloavago  ;  linrdncss  superior  to  tliat  of  Stilbite,  and  etius 
to  that  of  Chabasite.     Their  surfaces  aro  roughened  or  pitted,  ko  ; 
to  reflect  no  image  by  which  they  could  be  subjected  to  measurement 
by  die  gonionieier.     Before  the  blowpipe,  a  fragment  of  the  niiae- 
rol  swells  and  intumescos  eliglitly,  like  the  Bohemian  and  FerroeJ 
Chnba»itc,  and  fuBos  into  an  opn,lii]e,  hlebby  bead ;  at  the  moment  i 
ignition,  ill  tho  outer  flame,  it  gives  out  a  beautiful  green  phosphi 
rescence,  which  I  have  aUo  noticed,  in  a  less  degree,  in  the  phaeo-^ 
lite  from  Ireland.    It  h  soluble  in  hydrochloric  acid.    The  crystals, 
at  first  flight,  appear  to  bo  rounded,  and  to  have  no  doterininato  form ; 
but,  on  closi>r  examination,  some  of  the  sniallei'  and  mora  isolated 
ones  aro  found  to  be  nnarly  perfect  double  six-sided  pyramids,  pro- 
cisoly  sitnilai-  to  the  pbacolite  from  Bohemia,  differing  from  it  only. 
in  colour  aud  lustre.     1  oannot  doubt  that,  like  that  mineral,  thef^ 
are  socondaries  to  a  primai-y  rhombohedron,  probably  of  the  sam^ 
measurements,  and  are  also  identical)  wilh  it  in  composition,     TI 
abseiicc  of  well-defined  cleavuge  is  unfortunate,  but  this  is  a  defect 
which  applies  equally  to  the  foreign  minnral.      Nor  is  the  rhombo-l 
hedral  uloavage  of  oiilinai  y  chabasite,  of  which  phacolitL-  is  by  manyi 
jBupj>osod  to  be  only  a  variely,  by  any  means  easily  determined ;  in] 
fact,  Sir  Durid  Brewster  has  suggested,  from  optical  inTOstigations,] 
whether  the  primary  form  of  cbabasito  be  not  a  prism. 

Zt  Phacolite  a  variety  of  Chahashe,  or  diMiiwt  from  it?— Tam-1 
nau,  of  Berlin,  in  his  very  complete  tittle  essay  on  chababttes,  has 
giren  very  good  reasons  for  uniting  the  two  ;  whilo  Uroilhaupt  haal 
maintained  them  to  bu  diiitincl.      The  primary  rhombohedron  of 
phacolite,  according  to  Breithaupl,  is  P  on  P,  94',  that  of  chabasitdj 
P  on  P,  94°  24".     Phillips  makes  tlio  last  Si"  46'.     The  analysegl 
of  Anderson  and  itammoUberg  would  seeiJi,  at  first,  to   show  al 
marked  diirerencc  in  thoir  composition,  a  dif^ronco  whicli  is  nlKoJ 
■Iiewn  by  the  difTerent  analyses  of  eommoti  chahasite,  rt^iihing  in  ' 
Tariotios  having  difterent  formulnrio  expressions.    For  example,  Aca- 
diolitc  contains  three  per  ceiit.  more  of  silicic  acid  than  common  Cha--M 
basite,  and  is  a  tersilicato  of  lime  and  the  other  isomorpbous  basoK,  ^| 
unstcad  of  a  bi^^ilicnte  of  the  same  bases,    The  mincralogical  formula 
Ua  Aoadiolito  is,  3  Al  Si'  +  (Cnl,  K,  K),  Si"  +  li  Aq.,  wliile  that  of. 
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OuHMAUi  Us  -A  Al  SP'  +  COal,  N,  K),  Si-  -|-ti  A^.  KaiiiinoUboig  U 
inclined  to  i-cgftrd  I'harolito  ftc  a  mixture  of  AcadioUce  andScoIanit* 
[lime  mcsolypc),  tlic  latter  witlnininf;  nn  itdHitional  atom  of  wntcr." 
llf  nniting  thi;  Atoms  of  botli,  lie  tlnix  ^tntos  llio  chemical  Tonuulii 

for  Phaculita;  2  l!l  Si  +  Al'  Si*  +  10  ll.     As  ibo  analyses  slaiid 

S compare  Bcrjieliiis's  and  Tlmmson's  witli  llie  two  jtinl  leluned  to), 
'hacolite  dillers  fi'oni  Chnbasitc  in  containing  llii'OO  Jifr  cent,  loss  of 
Hiicic  acid,  and  tLree  atom:*  \ei%  of  wnti^r.  Now  it  it  obrious,  tlial 
(heM  differences  are  imiiilicieiit  to  iiiittimi-.«  a  scparntioii  of  tliu  two 
ntiner&ls,  unless  tlicj'<j  he  a.  uniit  of  agrociiii-'iit  in  cryEtallogi-aj'tiical 
uid  oilier  cliaiftcicrs,  greater  than  that  as  yet  pointed  oui.  An 
equally  valid  I'eason  cnuld  be  vi'gcd  for  the  separation  of  Acadiolila 
from  Ctmbadto,  ou  tliu  giuuud  of  a  diHevenco  in  tlicir  coniiiositioii, 
had  not  the  examinalionB  of  Pr&fesaor  G.  Robu  proved  nii  eiad 
agreement  in  |}io  angles  of  thcii'  jiriniary  crystals.  So  al«o  of  Lo- 
»yiM  and  Gtiiclinite,  wliitli  are  now  aJuiitleil  to  bo  only  varieties  of 
Chabuitc,  thoir  oeciirring  fumiK  till  beii:g  secondaries  in  the  same 
primary  riiombohedron.  The  cviJonue  of  the  identity  of  any  twu 
Biliterals  is  best  tbotvii  by  tho  mcipienl  or  intermediate  pas=age§  of 
one  into  the  other,  in  the  ^nme  dpL'ciinen.  I  am  not  a^vare  tbatiin 
ibo  CM©  of  the  Irish  or  Bohemian  PbacoUte,  such  evidence  has  been 
lulductsi ;  lie  tendency  of  the  sort  in  ^hcwn  in  tlie  a|iectn)ens  1  have 
exvnined  from  those  cauntriei.  Now,  one  of  my  spcdiiicn^  from 
Now  Yorkliaa  the  distinct  form  of  Chahasite  (thu  perfect  rhombuhe- 
drou).  and  of  Pliacollte  (perfect  double  six-sided  pyramids).  The 
firat  form,  however,  is  raie ;  the  iiK-ipient  replacements  are  ahio 
itbown;  but  thcio  crystals  bavo  not  iho  full  perfeolioii  of  waxy 
laitro  reelected  by  the  ultimata  form  of  Phacolito,—^  singular  eSect, 
Mtributablc,  probably,  to  the  imtuie  of  tlic  solvent  in  wliicli  the 
molecules  wcra  suspeiid':id. 

approach  of  tivin-crystah  ti>  the  PhnoUlf  form. — These,  as  they 
arc  Bomctinies  presenttd,  wi-nld,  unless  eavcfully  examined,  bo  mta- 
Ukeu  for  tUe  true  form  of  Phacolite.  The  most  perfect  specimcna 
I  have  seen,  are  from  Nova  Scotia.  They  consist  of  two  rbombo- 
hedrons  united  in  the  usual  manner,  each  crystal  turned  half  rounil, 
lilt  having  their  superior  edges  and  lateral  angles  deeply  replaced. 
The  appi-oach  to  the  form  of  Phacolite  is  thus  produced ;  the  edges 
and  angles  not  standing  out  in  relief,  as  they  ordinnrily  do  in  these 
twin  forms.  The  strife,  parallel  with  tlio  edges  of  the  two  rhombo- 
hwlrons,  so  intersect  m  to  shew  the  compound  nature  of  tho crystals. 
Dr  C.  T.  Jackson  has  a  lino  epecimen  of  this  variefy  from  tlie  Two 
Islands,  in  Nova  Scotia,  of  a  wine-yellow  colour ;  I  liavo  anotlwr, 
pDM  while,  front  the  same  placo. 

•  8m  First  Suinil.  to  his  Han^miTtfrl>veli,  p.  Ha.  It  wih  od  these  groanils 
Ibot  lIoffmnH  iiropffieii  to  ncpnrQlc  acadiolile,  u  well  aa  tlio  GiwlafBbcrg  Ta- 
ritly,  Cmta  ditbulte. — I\"/'j(rll0f/'l  jiniiaUit,  ixt.,  19S. 
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\a  difficult  to  obtain  tlio  minora]  cntiroljr  fm.  Its  inrucibilit/  bofor 
the  blowpipo  would  seem  to  shew  this.  It  has  beeit  Hug^CKtcd,  v.\taA 
tbut  n  part  of  llie  iroo  may  have  boon  in  the  etato  of  protoxidt-.  It) 
Kcems  impossibl«,  without  com*  such  SRpposition,  that  EubsUino^  ho  I 
obiioljr  reoonibling  ouliotbcr  in  nil  tlicir  pIiyHcnl  cliantcton,  Bhould 
diSer  bo  mncb  in  oliomical  conipoutlon.  Xuw,  if  tho  potasb  bo  IcCc 
out,  tuad  tbe  peroxide  of  iron  be  diaiiged  into  protoxide,  tlie  ratio 
between  tho  atoms  of  acid  and  bosos  b  nonrl/  ihe  mmo  m  in  Oltre- 
lite,  if  wo  uniti;  t)i<!  ntnmK  of  niiignciiia  anil  iron,  oa  itomorphous  with 
each  other.  Ottxelitc,  alio,  ix  not  caxAj  xoparatad  from  itn  matrix, 
but  tbo  hirger  size  of  it£  platos  would  seem  to  render  it  moro  nnxy 
to  obtain  pure  Bpeciniens  for  analysis ;  ttnd  it  u  to  be  observed  lliat 
Somour  ropontod  his  anKlysii.  and  obtained  prociicly  tho  lamo  result. 
It  IB  remarknbia  th.it  Ilanimdnbcrg  haa  nlpliabelically  inHcrtod  Pliyl- 
lice,  but  has  given  iiu  funnuU  fur  ita  constitution.  It  seems  prupur 
tliat  tho  namt'  <if  Pliyllite,  on  tho  ground  of  ita  priorily,  and  l>ecau§e 
it  t^xproBses  go  wt^ll  tho  ordiiuiry  appcnnince  of  the  mineral,  should 
btand,  and  tlmt  of  Ottrelito  be  nbandonod.t 

Siislnite  identieal  mith  Automalite.  I  ara  aati^tlcd,  from  recent 
observations,  that  these  two  niiaerala.  as  tliey  occur  in  New  Jenej, 
Lahould  form  but  one  species.  Tho  ditTeroiico  in  hariiue^,  colour, 
"specific  gravity,  and  pyrognosiic  charatM«rs,  can  be  accounted  for  by 
tho  well  ostabli.shed  fact  of  the  isamorpUous  rephiceineiit  among  the 
constituents  of  certain  mtnci-als  whicli  do  not  differ  in  crystatlino 
form.  In  Dy^Iuite,  wo  have  but  thirty  per  cent,  of  alumina,  tlie 
acting  acid  principle  in  ilio  mineral,  white,  in  Autonialito,  we  bare 
sixty  per  cent.  Jiut  tiis  peroxide  of  iron,  which  is  isomorphous  with 
the  alumina,  amounts  to  nearly  forty-two  per  cent  Now,  if  wo 
suppose  about  thirty  per  cent.,  of  this  peroxiile  of  iron,  to  havo  re- 
placed the  same  number  of  atoms  of  alumina  in  Autoiiialite,  and  tlie 
eight  per  cant,  of  pi-otoxide  of  niangaui^o  to  havo  replaced  so  much 
of  the  oxide  of  xinc.  wo  mako  up,  very  nearly,  the  oNxential  conxii-J 
tuents,  as  shewn  in  the  analysis  of  Automalite  by  Ekobcrg  and  Abioh. 
It  is  to  bo  observed  that  the  latter  diemiiit  put^  down  tho  iron  as  ! 
pi'Otoxide  in  the  Franklin  Automalite.  If  it  should  prove  that  thg 
iron  exists  in  Dysluite  in  both  states  of  osiiUtion,  the  twelve  per  cent., 
remaining  out  of  the  lurty-two,  may  bo  protoxide,  replai'ing  ao  much  ■ 
oxide  of  zinc.  So  that,  in  this  view  ot'  tbe  ca&e,  tho  17  per  cent, 
ti-i:ido  of  line  4-  11  per  cent,  protoxide  of  iron  +  7  per  cent,  pro- 
toxide of  manganese  :=  So  per  cent,  oxide  of  xinc,  which  is  nearly 
the  exact  quantity  found  by  Abioh  in  tho  crystals  from  Ifrankliu.  [ 
We  may  then  state  the  constituents  as  follow  : — 


I  Brooke  lius  f ujipoat"!  I'liylhle  to  lio  i Jenlirnl  witb  liigintoJite.     If  wo  com-  i 

mpix  tbo  nnnl^a^A  of  Gi^uhtolitu  with  Daitiuur's  ftniJy&ia  above,  the  evid«ur«  of] 

'  ~tadr  idoDliiy  (iuppotiiig  Ottrelitfi  ti>  be  t  purer  vnrict}>  of  Phyllile)  la  muoh  ] 

I  Tiinrkftl,  and  tbe  rntio  between  the  ntonis  of  acid  nnd  ba«c<  it  nearly  th*J 

''mam  in  e»c!i. 


Fotyadelphite. 


fi» 


Perwdde  of  inn,  30-00 

Protoride  of  iron,  1 1-83 

I'ruloxido  of  niiingiui«*0,  7*60 

Oiidooftino,  16-£(> 


23-43 


Ot.jgm. 
U-24  1 
919  J 
S'72* 

1-70  \   7-76 
3-; 


lutlo. 


S-721 

1-70  I   7-7< 
J-34J 


Hera  it  (s  ovidunt  tlint  tUo  atoms  of  iteid  and  bases  aro  to  «acl)  other 
U  three  to  one,  whicli  is  tlie  cose,  also,  wiili  Automolito,  taking  Abick'a 
■oalfiia,  and  groupiug  thd  isomorphous  lases,  tbua  : 


OijEtn. 

IUU« 

Alamiiia, 

57-09 

26-CO 

8 

0«i(ie  of  kLdc. 

34-30 

6-921 

Mognena, 

222 

■76^    8'72 

1 

Protoxide  of  iron, 

4-55 

1-OiJ 

Dr  Tbouson,  the  only  cUemist  who  lias  anatysoi!  Dysliiito,  recltonj 
ktl  the  iron  as  pero:!]!]?,  and  oa  the  prinoipnl  ba»ic  constituent  of  the 
uitncml,  wliipii,  in  his  viow,  consists  of  the  aluniinntes  of  iron,  zinc, 
and  maiigitti(>»<.-.  Kamtnotsberg,  in  stntitig  the  analysis,  has  givsii 
both  osidea ;  and  the  atoinN  uf  aluiiujia  and  peroxide  of  iron,  as  put 
down  by  him,  are  33-80,  and  thoso  of  t!io  isomorphous  bases — ^pro- 
toxide of  iron,  protoxide  of  miuigtinogc,  and  oxide  of  zinc — ave  7'83 
(7 -39  !) ;  itius  giving  tlio  saino  ratio  as  that  above  stated. 

But  other  reasons  may  bo  urged  why  Dysluitu  should  be  regai'ded 
only  aa  a  variety  of  Automulite.  I  liaTo  seen  Bpecinieiis  on  which 
thea<e  were  crystals  well  claiming  llio  name  of  Dysluito,  as  well  as 
otiicn  efjuatly  entitled  to  tho  nain>;  of  Autninalite  ;  while  there  were 
yci  others,  evidently  passing  fi'om  ono  into  the  other, — the  bright 
and  perfect  crystal*  of  Autoinahte  gi-odnally  losing  their  lustre,  be- 
osming  parous,  coniparatiroly  brittle  and  soft.  I  think  if  these  cir- 
eumstancos  bad  bc^n  atteixied  to  in  tlie  car!/  hiotury  of  the  mhicral, 
the  nani«  Pysluitc  would  long  since  have  departed  from  the  catalogno 
of  mineral  spucicti. 

PolyadcJphit«.—Aa  Dana,  iij  tlio  new  cdiiion  of  his  Mineralogy,  has 
very  properly  included  this  mineral  under  the  species  garnet,  I  merely 
refer  to  il,  to  give  further  evidence  of  the  ourrectness  of  his  opinion, 
from  drcunistanues  connected  with  its  occurrence  at  the  locality.  It 
is  evidently  a  granular,  imperfectly  crystallized  jcHow  garnet,  and 
the  specimen  which  I  received,  tea  yiiirs  ago,  fruni  Profi'ssor  Niittall, 
rantftiRt  wiechunical  mixtures  wliich  it  would  be  impossihle  to  eepa- 
nlo  from  il,  so  as  to  give  na  entire  coolidence  in  it!!  analysis.  To 
iheae,  I  believe,  we  iimy  attribute  its  departure  in  conipoaitiou  from 
tlie  comDion  bi'ovm  or  yellow  garnet,  ihkiugh  it  dues  not  differ  mucJi 
from  tho  brown  garnet  of  Franklin,  analysed  both  by  Dr  Thomson 
I     and  Mp  Sojbcrt. 
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Btafmontita  of  l^try,  und  Lincclniu  of  Kitclicodc— -In  a  paper 
read  lie/ore  the  UoaWii  Society  of  Matnral  Hittorj,  and  BUioe  pub- 
litJied  ill  thoir  TrnntactioM,  and  i»  tlio  AmvricKD  Journal  of  Scivnu 
(vol.  xlvi.,  p.  2ii'>':,  I  gnvo  my  rNUiom  forHa»!ii(;  thesn  two  muie- 
,  ruli  with  llculuiidili'.     Tliat  Bcaumoiilite  it  Uculaiiditt!,  1  bc-liere, 

no  longer doubud  in  thin  connti^  or  Europe.  An  analysis  of  ihft 
minoral  by  M.  Dclc^xc,  bx^  appcnred  tinco  the  publicntion  of  my 
popor,*  And  it  agi'cei  with  idl  tho  other  analyse*  of  Houlandite,  tx- 
eepting  ill  tlie  iiligbt  excess  of  silicic  acid.  Tit  this  reep«c4,  it  olTcra 
ta  esaiiiple  anaioffous  to  that  of  this  ?artoty  of  Chaba»ite,  cftllcd 
Acadiolilc,  in  which  the  silicic  ncid  formx  a  larger  atomic  proportion 
of  the  niittonil,  without  cauutig  aiiy  apprciriatiU'  varialion  in  the 
lUigles  of  tlie  orystali.  As  to  Linculiiite,  I  must  tliinlc  that  the 
various  p&pecsi  that  Imve  beeii  cAllod  forth  in  relAtion  to  it.  sinca 
my  first  communication  appcai-d,  hare  cutnblishod  its  inditputabla 
identity  with  Heu land  tie. 

Pi-culiaritiea  in  thu  modifying  planes,!  have  given  rise  to  A  secon* 
dnry  larni,  rnivty  observed  in  Hciitaiidite.  These  cooMst  in  the  on*' 
Inrgomi.-til  of  ibu  pianos  /  (Pliillips^^,  or  S  (Daua'),  to  lu  nearly  ta 
oblitenttu  tbo  pi-imary  planes  M;  buiug.  in  fact,  tite  reverse  of  wliat 
wo  utimlly  observe  in  Iloulsndite  from  other  Igc-alitiea.  In  tho 
nicAKin-oniciitK  by  Profctssor  Hitchcock  and  Professor  Sbopard,  tli« 
angle  of /on  T  was  inistukeii  for  tliat  of  ,)f  on  T,  and  in  tliefigura< 
given  by  P^ofe^«or  Iliteht-ovk,  it  is  evident  that  tliO  pUiu^  lettered  ~~ 
should  be  /.  The  triio  vdue  of  /  on  T  in  115'  Iff  (Dana) ;  F 
feasor  Shepard's  last  nieasurentents  made  it  116°  17/ 

Lfderfiilc- — ^I  am  compelled  iit  Inst  to  declare  my  conviction,  that 
the  Gpeoific  naturu  of  thi^  mineral  can  no  longer  be  matDtninuil. 
Connell's  analysis  of  an  Irinli  Gnieliiiito,  whiati  agrees  with  Ledcro* 
rito  in  all  its  physical  and  crystallo^rnpbical  characters,  has  iJie<ni 
aUo  an  identity  in  chomical  composition.     The  phofphoric  acid,  de- 
tected by  Mr  Ilnyos.  mm>t  be  viewed  as  an  accidental  constituent) 
varjinij  |irijbubly  in  diffei-ent  eryitals,  or,  in  some  of  them,  not  eX' 
jsling  ut  nil.     Soiiie  of  ilic  ZouHtea,  in  tlie  Nova  Scotia  trap,  bafCii 
been  found  a^iiociuted  wiili  i^mall  cry^tnls  of  phosphate  of  limo,  ai 
it  U  not  iniposiibte  that  noma  of  tlio  niiniiteet  of  tbeso  may  hnvo  in- 
tcrerystalliied  willi  the  Ledcrcrile.     We  regri-'t  that  we  have  not 
been  able  to  ohtfiin  other  specimens  to  enable  MrHaye^  to  give  it  a 
re-exami nation.     For  comparison,  I  subjoin  the  analyses  of  Lod«r»f^ 
rite  and  tiiueltiiite.  ^| 


wt,^ 
arafl 


•  Ann.  at  Chim.  tt  de  Phyi.  tor  1843.  t.  1x.,  p.  39S.    FhiUitis'i  IVtin..  p.  637. 

t  For  th*  figUTM  atv  Aui.  Jour,  of  8citiio»,  vol.  xlvi..  ji.  S3),  nnil  vol.  xhiL, 
p.  4IG.  Vorraliorutivc  Dvidniice  of  Ilia  eorrcetiieu  of  nij-  ojiioioiiii  liy  tliw  «di- 
tor*  of  tb4  Am,  Jour,  of  dcioac^  may  bn  laea  at  thv  ptget  ixott  referred  to. 


A 


^^^P            Ltdererite. 

^^^^P 

Lad«rfirlm 

CinulluiM. 

SUi«,     .     ■     .     49-17 

48-£0 

AIumlDa,     .     .     2L-4d 

1805 

Lime,     .     .     .     11-49 

■  frlS 

Soda,      ...       394 

3-W 

I'boiphoric  Aeid,    3'43        I'otnsfa 

0'30 

Pnitojtiae  gf  Iron.  014 

Oil 

Water,  .    .    .      8-53 

■JV^H 

98.56,  Hajr€a, 

flS-jil,  ConneU. 

«T 


^  if  tbe  plioaphoric  &ctif  in  Le(]<>roritc  is  united  with  llmft  m,  an 
aUil  mixture,  2|  per  cent,  of  the  Iiiue  sliould  bo  taken  fioni 
Ao  11'48  ptT  cent,  found  in  tho  niincral :  this  brings  tlio  proportion 
down  nearly  to  that  obt».{ne(]  bf  CoiiDcll.  Ur  Unycf^  wnn  not  nhle 
to  deCermino  the  weight  of  the  wntcr  with  nccuraty,  owing  lo  tho 
small  qtutntity  of  the  mineral  operated  upoi).  As  tbe  lo^  (1*44 
por  otmt.)  wae  mostly  wntpp,  we  may  supposo,  with  Kammclsborg, 
that  Lcderorlte  is  Gnielinite  containing  J  (j  !)  its  qtmntity  of  wotor. 
The  cfaemiual  formuh  for  Gmelinito  and  Cliabasite  is  thua  : — 


W 


(Ca,  Na,  K^)  8i»  +  3  Al  8i>  +  Ifl  H.* 


Excepting  tbe  absence  of  stria;,  and  tbe  shorter  dinieDBions  of  the 
prismatic  pianos  of  its  crystals,  the  Irish  Gmelinito  procihely  re- 
MnblOit  Lcdererite ;  tlieir  hurdness,  lusti-e,  colour,  and  blowpipe 
eboractere,  are  the  same.  Tho  appearanco  of  hexuhedral  cleav.ige, 
on  which  Dr  Jackson  originally  founded  the  chief  claim  of  tho  latter 
to  tlio  cliaracter  of  a  now  epccios,  was  only  impcrft'ctly  produced  by 
healing  tlio  crystals,  and  not  by  ordinary  mechanical  cleavage.  This 
could  not  be  elleoted,  the  mineral  breaking,  in  all  directions,  with  a 
ritreoUB  firacture,  Dr  Jaclcaou  agrees  with  me,  that  It  can  no  longer 
be  r«tain«d  as  &  distinct  species. 

Whilo  prL'paring  my  edition  of  Philllps''H  Miiicnilot^y,  1  reqnoittol 
Mr  Uayes  and  l>r  Jackaon  to  make  BCveral  aiialjaee  for  me  witli  par- 
tjculur  rpferenoe  to  that  work.  As  some  of  thoi^o  have  not  appeared 
fat  any  utlior  form,  I  wi&h  now  to  make  a  permanent  record  of  them, 
in  order  that  tliey  muy  be  seen  where  tliey  might  not  otbcrwiiic  roach, 
the  first  are  of  the  Nova  Scotia  Cliabasite  {AcadioKte),  which  Hofi- 
niaRn  has  distinguished  from  common  Chaba§ite,  by  itf!  containing  H 
per  OMit.  more  silica,  and  for  which  Kanimelsberg  ba^  givon  a  for- 
mala  differing  soinewliat  from  that  of  Chabusiti;.  (See  lirst  part  of 
tlti>  uttcle). 


*  Iiaiuhi-artlrbtieli,i.,  I£U,  fLiauiiuliibtrg  unit^i  Chabuzte  und  limdioitf, 
t)W  flnt  M  Mda  CliabulU.  Ihu  last  ai  lUiiv  Cliabosils.  This  !a  iii  nei:i>rdiiiii.'u 
WUh  TmUH.  who  hai  MUUIihcd  tholr  identity  on  crye:IaitngrBphi«al  Krotuids. 
Tb>  ctoM  nlaUoa  of  tha  two  mineral*  ww,  hou«i«r,  lint  ihawn  t>,v  Prof.  Molw. 
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Siltm, 

Alumiiui, 

Lime, 

PWMh, 

So4«. 

Water. 


52<a 

52-20 

ir-88 

16'S7 

4S4 

«'08 

3-03 

4-or 

SIS 

lS-30 

20S2 

9960,  Hayee.  U9G9,  HajWJ. 


Thanrwultl«greswlth  those  obtainod  by  Hofrmaiii)*iii  bisftiutljtui 
of  the  nine  mineral,  the  spooimcm  of  wbiieh  were  presented  to  him  ij 
Charles  Cramor,  Eiq.,  of  St  Prtei-sbur^. 

Wiishingtonito  of  Sliepard,  analysed  by  Mr  J.  8.  RendaU,  uodw 
tlic  direction  of  Dr  Jaolcxon,  gave  Oiese  results : — 

Oijrm.  BaUo. 

TitaiiloRcid  S5-3B  4-83  1 

Poroxido  of  iron,     51-84  10.36  S 

Fntoxide  of  iroii,   22-S(l  5-09  1 

99-96 

The  atomic  proportions  are  tlius  ncai-ly  one  atom  titanic  acid, 
ntomi  porgxidv  of  iron,  one  atom  prutoxidc  of  irijti ;  or  ft  tiitiitninlo 
of  iron,  cousisting  of  two  atoms  tritiauiatoil  pei-oxido,  and  one  atom 
trititaniated  piotoxido.  If  wc  unite  the  magiie.'.ia  an  J  lime  with  pro- 
toxido  of  iron,  in  tlio  following  nualysis  of  an  Ilinonito  from  Aroitdalit 
by  Mosnndor,  wo  obtain  precisely  the  Barao  reiulL  'The  crystftlUn 
form  of  the  two  vai-i.?ti«B  is  nlso  llio  saino.  and  thcce  can  bo  no  doul 
of  thair  identity  as  ono  spooics.} 


Titanic  ooid. 
Peroxide  of  iron, 
Protoxide  of  iron, 
Magnesia  and  lime. 


19-91 
1-01 


24-19 
flS'Ol 

I  20-92 


By  roforring  to  t!ie  analyses  of  llmenitc  fron)  other  localitlee, 
will  be  soon  that  the  essential  constituents,  titanic  acid  and  the  two 


I 


*  Amoricmi  Journal  of  Soicnci!,  vol.  xxx..  p.  36l). 

t  Tbo  llyatntiUicf  Itreithauiit. 

i  An  acute  ihouilioliGdiau.  1*  on  P  86*  10',  toe  tlie  QineniM.  tiliepu'cl,  aU' 
ploying  vnmliboJ  plnnPa  ol'  Iho  Washiogtoiilie,  mokaa  P  cu  P  86°.  ProfnMor 
Hbopard  ruuuili  Ibo  distinction  on  other  thuu  cryttollograpliical  cbaraclere;  for, 
,  lie  Ntyii.  it  in  not  Dim  -  tihawn  to  bn  distinct,  in  nny  essential  manner,  from  lbs 
xotomoiu  Imn-oro  of  Mobi.  or  (Vom  (Iriditaoito  (iudutlin^  llroonilo) :  iiidocd. 
ft  app<>urB  niOBt  probable,  tbnt  atl  Ehfa?  ¥1111101118  nrB  not  onJj  Identical  in  tbrir'] 
uiglcn,  lint  ar«  imnorpboua  wllb  Hpncular  ima."—Aimri<:an  Jaumat,  vol.  XIIII41 
p.  36S.  Tbo  anttlj-il*.  now,  would  *aeai  to  doetroy  tbe  groundwork  for  any  di 
tiuotloa. 
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oxiJea  of  iron,  xo  intorclinngo  with  onch  ai  to  produce  different  varie- 
ties, but  all  having  the  Eamo  orystnlline  form." 


Ah  ExperimenUtt  Invfitiiftttioii  of  the  Afa^nelic  Chaructera  of 
Simjds  Metals,  Metallic  Alloi/i,  and  MetalUe  Sails.]  By  Wn.- 
Uam  STriiOEOH,  Esq.,  Lecturer  on  Natural  ami  Experi- 
mental Science,  foiinerly  Lecturer  on  Kxperimcntal  Plii- 
I08opIij  at  tho  Honoi\rable  East  India  Con]piinv''s  Military 
Academy,  Addiecombe. 

1.  The  subject  to  wLicIi  tliii«  memoir  is  directed  ifl  one  that 
han  been  already  explored  at  different  periods  by  miuiy  emi- 
nent experimental  philosophers,  who  have  recorded  the  re- 
Bults  of  their  kboui-H  in  various  works  on  science ;  and  as 
several  interoating  and  woU-attested  facts  have  been  diaco- 
verod  by  those  investigations,  but  little  would  appear  to  be 
w&ntlDg  ut  tliis  time  to  accomplish  all  the  de^aUe  informa- 
tion respficting  the  magnetic  actions  of  bodies,  whether  of  a 
Cerruginoaa  or  a  non-fen-uginotis  character.  Under  these  cii"- 
cumstances,  any  further  investigations  of  mine  orof  any  other 
experimental  inquirer  could  be  pi-oductive  of  nothing  more 
Uiftn  the  development  of  a  few  novel  facts  in  addition  to  those 
already  recorded,  or  the  application  of  some  of  them  to  novel 
nod  useful  purposes. 

2.  It  frequently  happens,  however,  in  experimental  in- 
qgirics  of  this  kind,  that  tlie  difl'erent  modes  of  investigation 
morted  to  by  difl'erent  philosophers,  ore  not  only  pi-oductivo 
of  now  facts,  but  are  tho  means  of  developing  new  laws,  and 
flf  leading  to  tbcoretical  views  differing  considerably  fi-om 
those  previously  entertained  for  the  explanation  of  pheno- 
mena which  had  long  been  grafted  into  the  histoid  of  science, 
And  it  must  be  acknowledged  that,  whether  new  facts  be 
added  to  the  old  Btoclc — ^the  application  of  any  of  them  to 


•  Joumsl  ol'  llie  ItonMii  Socleij  nf  Salurul  History. 
t  BmA  April  7,  IStO,  to  Iha  riiilcnophictil  ikoUty  ot  Jlnncboittr. 
MemoUv  of  'huUiy. 
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uMfnl  purpOM*  illscoveretl — or  Ihoi  nor«l  mid  more  Rxad^ 
Ti«wii  for  the  explaniktion  of  those  faotA  be  deTelopeil,  nn  ad- 
ditioDftl  Btep  in  tlie  Advancement  of  scicnco  would  thus  b< 
securely  establiBhcd ;  and  it  i*  soli-ly  from  a  hope  that  by 
MMe  of  tliew-  means  llie  preaent  memoir  will  contribute  to 
the  progreRS  of  ncientifio  knowledge,  that  I  hate  ventured  to 
offer  it  to  the  consideration  of  IliiB  Society. 

3.  The  BupcrlatiTe  degree  of  magnetic  ttction  dinplayed  by 
metallic  iron,  nhove  that  of  all  other  known  bodies,  han  been 
a  theme  of  ultnoHt  contintions  contemplation  and  philoftoplii- 
cal  speculation  fn^m  remote  periods  in  the  ludtor^  of  si'icnce 
till  the  present  day,  and  continues  to  be  a  subject  of  intercftt 
and  admiration  throngliont  overr  part  of  the  scientific  world. 
The  ordinary  Inwi*  of  the  inugiiet^c  netion  of  metallic  iron, 
espociAlly  when  in  maHi>«s,  are,  howcrer.  now  so  satiafAclorily 
CBtAblished,  and  the  plicnomcmi  so  well  known,  tliat  any  fur^ 
ther  notice  of  them  in  this  placo  would  be  foreign  to  tlie  ob'j 
jeet  of  this  memoir :  more  especially  as  it  alludes  to 
simple  magnetic  attractions  only,  whilst  illufitrating  tl 
novel  facta  it  contains,  and  the  mode  by  which  they  wer»  d4 
veloped. 

4.  Nickel  is  a  metallic  body,  which,  next  to  iron,  standi 
most  diBtJnguishod  for  the  display  of  magnetic  action:  and  it 
deed,  notvfithslanding  the  number  of  inquiries  that  have  bee 
made  respecting  the  mognetio  action  of  otlier  hodien,  and  tl 
talent  and  expedients  that  have  been  employed  in  tlie  pu 
suit,  little  or  uoUiing  has  been  satisfaeliiriiy  ascertAined  he 
yond  that  which  b  so  conspicuously  displayed  by  tliose  iv 
metals, — iron  and  nickel.     (7-13-) 

8.  There  is  sometliing  vei^  remarkable,  howeTcr,  rcupec 
ing  the  magnetism  of  these  two  distinguislied  mctuls  when 
in  combination  with  other  bodtcn.  Nickel,  for  instance,  is 
said  to  lose  atl  its  magnetic  action  when  combined  with  oven 
a  small  dose  of  arsenic,  and  ii-on  has  long  been  understood 
to  siiifcr  the  same  fate  when  alloyed  with  antimony.  B« 
yond  these  two  alloys  of  nickel  and  ii-on,  1  am  not  aware  tha 
any  other  have  been  rosgnetically  investigated,  altiiough, 
will  appear  in  the  soiiue),  some  of  tlie  most  extraordina 
facta  that  have  hitherto  appeared  in  the  magnetism  of  me 


IlKi 


Magnetic  Ckaraelers  of  Melati,  ^c. 


n 


talHc  botlieB,  are  displayed  by  alloys  of  iron  with  oUier  me* 
tals." 

6.  TibcritiB  Oavallo  was  aBaongst  tlie  enrlieat  inqiiirerR 
into  th«  magnetic  action  of  non-femiginowB  Rietala ;  but  ttio 
princiiml  part  of  hia  experiments  were  limited  to  copper  and 
brftss,  apecimene  of  both  of  wliicli  lie  found  to  be  magnetic ; 
■nd  PHpeciftDy  after  tbey  had  Budercd  the  operation  of  ham- 
mering. The  investigating  itpparattis  of  thia  philosopher, 
like  tliat  of  munj  Kub^eqnent  inqiiirers,conBisted  of  a  delicate 
magnetic  needle,  to  the  poles  of  which  the  specimens  under 
exnminRtioh,  to  prevent  commotion  in  the  air,  were  slowly 
and  dextorously  presented -f 


"  At  tfi«  [iaiG  the  €nt  part  or  this  noinoir  «rai  read.  I  wk)  □□[  nware  of  then 
nriaiu  and  interesting  facts.  They  «ere  aubsoqueotly  diBCT>vered,  ftcd  are  de- 
Krlbed  in  the  (eiU)Dd  part. 

t  The  fellovlng  ftte  the  eavidtiilanB  at  nrhlcli  CatoUo  snlred  nxpectlsg  Ihe 
nngMtltm  of  brii» . — 

"  Ik,  Most  bruG  becomes  niBgnel!c  by  hammering,  And  lofea  it«  ma^ellm 
Vf  aiinenllng  or  tiofMning  io  the  lire,  or,  at  Icofi,  ii«  nikftietlsm  U  m  far  weiih. 
(Hed  bjr  tl^  u  afterwoidi  to  be  only  dUcoverahle  when  set  to  float  in  quick. 
■l]T«r. 

"SJ,  The  acquired  mngnetiem  is  not  owing  ta  puptiijleB  of  ii'on  of  fltfsel  im- 
partad  ti>  the  briuig  by  the  tools  omiiloyed,  or  nnturolly  mind  with  the  bras*. 

"  3d.  Those  lilaces  of  hrass  wliifiU  have  thnt  properlj,  retain  it  without  any 
JiRiiixition  after  a  great  number  of  repeated  trial*,  vij.,  after  having  besn  ra- 
{rcaledly  burdened  and  iDftoned. 

"4(t,  A  Inrgn  piece  of  brass  has  generally  a  magnetic  poirer  somenhat 
Itmnger  than  tt  imaltar  i>lei.'c,  and  the  fliit  9urfdc«  of  tbe  piece  drnws  Ihe  needla 
laorv  forcibly  Ihnn  the  cdgp  or  corners  of  it. 

"  5iA.  If  only  nnn  imd  of  n  large  piece  of  brass  be  hammoced,  then  that  end 
•kne  will  disturb  the  magnetic  needle,  and  not  tho  rest. 

" 6U,  The  magnotie  power  uliieh  brnu  acjuirea  by  hmnmering  baa  a  certoiD 
llail,  l>*yonil  vrh!«b  it  cannot  he  iiirremed  by  further  hammering.  This  limit 
b  rarioiui  ia  piecM  of  bmi  of  different  tbickneESes,  and  likewise  of  different 
foalltjeii. 

"  T(A.  Tboogii  tliere  nn  *onc  pieces  nf  bfnsa  which  have  not  the  power  of 
btinf!  rendenii]  megnetio  by  hammering,  yet  nil  the  jiieci?i  of  mngnette  bran 
thai  I  hare  Irtcd  lose  thuir  mni^nctism.  sn  na  no  louger  to  ufTeet  the  mngnetic 
Be«]Ie.  by  being  made  red  hot.  eieepting.  indeed,  when  ^uxe  pieces  of  iron  are 
concaalnl  in  thvin,  which  iiotiiDtiiiie*  occurs  i  but  in  tliie  eaao  tlie  piece  of  brass, 
an*r  baTLug  been  made  ivd  hot  mid  coolud,  will  attract  the  needle  more  forci- 
bly with  one  part  of  it9  imrf^ico  than  iiil.li.  cll<^  reel  of  it;  and  hence,  by  turning 
tho  piece  of  brMS  ftbont,  and  presenting  every  part  of  !t  Bueceuively  to  the 
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7.  As  braas  in  an  alloy  ao  ext«nairely  employ^  in  the 
conRtructioD  of  magnetic  compaAS-boies,  its  magnetic  or  non- 
nuignetic  condition  is  an  important  scientific  inquiry,  wbidit 
tlioagli  for  many  years  in  the  hands  of  pbilosoplierK,  remains 
nt  thin  day  as  undetermined  aa  when  first  nndertaken.  That 
certain  jiict'Cft  of  brass  have  displayed  unequivocal  nmf^ftio 
action  in  a  favt  whicli  cannot  be  questioned,  but  vrbfitlit-r  tba( 
action  was  due  to  the  alloy  of  pure  copper  and  zinc  alone,  i 
to  portions  of  iron  accidentally  present  in  the  metal,  different 
opinions  Imve  been  entertained.* 

8.  It  haa  been  supposed  by  Cavallo  and  other  philoBopheni, 
that  all  bodiea,  whether  metallic  or  otherwise,  are  endowed 
with  magnetic  powers,  which  vary  considerably  in  degrees 
of  energy,  whilst  under  the  influence  of,  or  operating  on,  Iho 
magnetic  needle.  But  when  we  meet  with  such  conflicting 
opinions  as  those  that  appear  in  the  writings  of  philosophei-a 
80  eminent  in  this  department  of  physics  as  Oavallo,  Coulomb, 
Bennet,  Uaiiy,  Eiot,  Becquerel,  and  others  who  have  entered 


lu^enileJ  mngaetic  neeillg,  one  may  euUy  ducav<F  In  what  pnrt  of  It  tho  iroal 
ts  lodged, 

"GlA,  In  tlia  coarao  of  ny  eipsriniciiu  on  the  laagiuAissa  of  brns?,  I  bnvt 
twice  obacrved  the  rollowlng  rGiniu'kBt>lecir<;uniitincD : — A  pitM  of  brass,  nliic 
lud  tbfi  property  of  bacotiiing  tuagiictii:  by  hnmin^Hnj^  and  of  loilpg  the  tnagnihpl 
tiBDi  by  taftoniiig,  having  been  left  lii  the  Arc  till  it  WMpitrtiiilly  molted,  i  fouad 
upon  IriulUittt  it  hud  lo=tlhc  property  of  becoming  mognetie  by  liammoring';  but 
Imving  licFO  uflcrvrncda  fairly  fused  in  it  orudble,  it  thereby  nrquired  the  pr 
perly  it  had  origiaiilly,  via.,  that  of  becoming  magnetic  by  hunmering. 

■'  Si'',  I  hsiT  likcnito  ofteu  obsvrved,  thnt  a  long  oontinoanee  of  b  flro 
Itrong  as  to  bo  little  short  of  melting  hot,  generally  diininithcj,  and  iomctlmM^ 
qult(>  dsstroys,  tbe  property  of  Ix^coming  magnetic  in  brass.  At  the  same  llraa] 
tlio  texture  of  the  nietnl  i>  cowiderably  altered,  bceoniiug  what  some  workm«aJ 
csll  rolttn.  FroBi  ihtB  it  nppellra,  Iliat  (he  property  of  becoming  magnetk  lal 
brass  by  luiniTneilng  is  rather  owing  la  tome  particular  con£j;arDtioii  uf  lb 
part«  than  to  the  ndmiilurv  of  any  iron ;  which  is  confirmed  ilill  further 
Obteiving  Ihut  Dutch  plata  brasi  (which  is  inotte,  not  by  melting  the  coppsF,! 
but  by  keeping  it  in  n  strong  dcgrco  of  hcnt  ivhllit  surrounded  by  lapli  <alaml'i 
nana)  also  posaoEsca  lliut  property.'' 

*  During  the  intcrctting  Bcrioi  of  experimenla  carried  on  by  ProfetMr  P,' 
Barlow,  on  the  Diagn'!tiEm  of  ftrruginoua  boJiee,  the  brass  CDtnpns-boi,  and 
leverul  braes  screug.  bcti^nging  lo  one  of  tlie  Cneet  looking  iiutrumenU  cm* 
plAjwd,  uere  found  by  ihiil  pitltoeupher  It  b'.'  higly  magnetic. — Sarlaur't 
mmb  JU'Nicdent,   Secood  Edition,  p.  17.) 
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ithiK  Rcld  of  rcscarcli,  vea  arc  nocesHfti-ily  l«il  to  infer  that  the 
•object  has  not  yet  been  accurately  and  natigfactorily  dcter- 
Biin«d. 

9.  The  beautiful  experiments  of  M.  Arago,  and  the  liiml 
'development  of  magnetic  electricity  by  Di*  Faraday,  afford 
'111  ample  explanation  of  nearly  all  those  experiments  in 
which  vibrationa  of  the  magnetic  needle,  near  the  bodies  un- 
der CKsmitiation,  were  taken  an  evidence  of  their  magnetic 
actions ;  as  well  as  in  all  those  cases  in  which  light  ncedlcB 
of  the  bodies  examined  were  vibrated  under  the  influence  of 
powerful  magnets.  It  is  reasonable  to  suppose,  also,  that 
tb«rmo-«lectrio  currents  would  influence  the  resulU  of 
those  experiments  which  were  made  previous  to  the  discovery 
of  that  branch  of  electricity  by  Ur  Secbeck,  especially  in  those 
caaca  in  which  the  bodies  under  examination  were  held  in  the 
band  whilst  presenteil  to  the  magnetic  needle, 

10.  There  are,  however,  some  phenomt;ua  on  record,  the 
explanations  of  which  do  not  appear  to  fall  within  the  range 
of  the  laws  either  of  magnetic- electricity  or  tlier mo-electri- 
city ;  and,  therefore,  the  cause  of  their  dc-velopment  ia  neces- 
sarily located  in  some  otiicr  soui'ce.  For  intttanee,  when 
Coulomb  employed  liglit,  delicately  suai)endeii  needles  of 
gold,  silver,  glass,  wood,  ard  other  substances,  both  organic 
and  inorganic,  ho  found  them  obey  llic  polar  forci-s  of  a  mag- 
net in  precisely  the  same  manner  as  noodles  of  iron  would 
do ;  for,  after  the  vibrations  had  ceased,  those  needles  be- 
came arranged  between  the  north  and  south  poles  of  power- 
ful magnets,  in  such  manner,  that  their  axis  i-ested  in  the 
line  of  magnetic  force,  or  in  a  right  lino  joining  tho  mag- 
netic poU'3  employed. 

11.  It  is  somewhat  remarkable  that,  when  similar  experi- 
ments were  mode  by  M.  Bccquerel,  the  results  were  very 
different-.  By  em]>loying  needles  of  ^ood,  lac,  and  some 
other  substances,  this  philosopher  found  that  the  positions 
thev  assumed  when  at  itst  directly  between  the  north  and 
south  poles  of  po^verful  magiiets,  were  invariably  at  right 
angles  to  a  right  line  joining  those  poles ;  and,  consequently, 
at  right  angles  r<-lative  to  the  magnetic  forces,  or  to  the 
poaitioa  in  wliiclt  the  needles  of  Coulomb  rested.    From  the 
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resalts  afTordod  bf  the  «xpcrtmeiit«  of  M.  Beoqnercl,  that 
philMopher  h»n  been  led  to  consider  that  the  effects  pro- 
ditcod  by  n  Htront;  magnet  on  a  magnetic  needle,  or  on  soft 
iron,  difFcir  estiftitially  from  tbow  which  take  p1ac«  in  nil 
bodies  ivhu««  original  magnetism  is  verj*  weak.  In  the  for- 
mer the  magnetic  aiia  Of  each  is  uraoged  in  its  lengt/i ;  Lnt 
in  the  latter  class  of  bediefl  the  m^rnetic  axis  becomes  ai^  i 
ranged  transverMelf.  M.  Beeqiierel  shews,  howerer,  thatfl 
wooden  needles  assume  different  positions,  witJi  respect  to  ~ 
the  magnetic  poles,  aecordtng  to  tlie  <URtanee  at  whtch  thejr 
are  placed  from  them.* 

12.  In  ft  paper  by  Dr  Faraday,  read  before  the  Royal  So- 
ciety of  1-ondon  in  January  last,  it  is  stated,  that  a  variety 
of  bodies,  bismuth  being  the  most  eminent  in  this  respect, 
arrange  themselves  with  regard  to  powerful  magnetic  poles, 
in  precisely  the  same  manner  as  described  by  Bccqnerel ; 
that  is,  with  their  longest  axis  at  right  angles  to  the  line  of 
magnetic  force, 

13.  Dr  Farnrlny  has  attempted  ft  classificfttion  of  a  great 
number  of  bodies  under  the  two  following  heads : — Masnetkt 
and  Diamaffnttiea.  The  former  class,  of  which  iron  is  the 
grand  type,  become  arranged,  whilst  under  magnetic  influ- 
ence, with  their  longest  axis  in  the  magnetic  line  of  force  ; 
and  the  latter  class,  of  which  bismuth  is  tJie  type,  become 
arranged  at  right  angles  to  the  magnetic  line  of  force.  In 
the  magnetic  class,  Dr  Faraday  places  some  of  tJiose  bodies 
which,  according  to  M.  Becqnerel's  nomenclature,  would  bo 
placed  in  the  other  class,  oi-  amongst  those  which  becomo 
arranged  at  right  angles  to  the  line  of  magnetic  force.  Snch, 
however,  is  the  condition  of  this  interesting  inquiry  at  the 
present  time,  no  two  of  those  hitherto  engaged  tn  it  having 
arrived  at  similar  results  in  any  series  of  experiments  that. 
have  been  undortalcen. 

14.  The  inquiries  that  I  have  made  in  this  department  of 
magnetics  have  been  conducted  partly  by  the  employment 
of  magnetic  needles,  partly  by  permanent  steel  magnets,  and 
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[wrtly  I>y  clerfro-mapiets,  wlik-h  have  aftbrtlod  different 
modes  of  assAiling  tlioHc  suliHtances  tliat  were  the  objects  of 
investigntion. 

IS.  In  all  cascB  \rhei'c  doUcAtc  mni^n^tic  neeilles  are  em- 
ployed, c'Wjiecmily  when  the  stiFtpcniiion  is  by  menus  of  a  fibre, 
and  the  Rystem  netatic,  ttio  experinieitt«  nre  exccedinjrly  te- 
dioaK,  iind  much  time  is  required  to  allow  of  the  syatem'S 
rfjiose  from  its  agit»tioni«  before  Jin  attempt  can  be  made  to 
npproftcb  it  with  the  specimen  to  be  examined.  When,  how- 
ever, a  single  needle  i.s  employed,  whose  support  in  a  finely 
point«d  pivot,  the  expferiments  are  less  subject  to  delay  than 
by  the  other  mode,  though  much  caution  and  some  dexterity 
are  hUU  required  to  enable  the  experimenter  to  arrive  at 
Sftti»iActory  results.  But  in  whiehever  way  the  magnetic 
needle  may  be  suspended  in  these  delicate  investigations,  the 
bodies  under  examination  mu.'^t  either  be  held  immediately 
in  tlie  b»nd,  or  indirectly,  by  means  of  some  other  body  pre- 
viously Ascertained  to  have  no  influence  on  tlie  needle.  If 
hold  in  the  hand,  thermo-electric  cui-i-ents  are  to  be  suspected; 
and  if  attached  to  the  end  of  a  wooden  rod,  by  means  of 
sealing  wax,  or  resinous  cement,  other  electric  uctione  may 
interfere  with  the  results  ;  or  may,  indeed,  be  the  sole  cause 
of  any  motions  that  may  happen  to  be  observed.  Moreover, 
a  delicate  magnetic  needle  does  not  possess  a  sufficient  de- 
gree of  power  to  bring  into  play  the  minute  portions  of  mag- 
netism that  lie  dormant  in  many  bodies.  These  exiguous 
(deeping  forces  can  never  be  roused  into  a  Rtute  of  activity, 
aod,  consequently,  can  never  bo  discovered  by  merely  pre- 
senting the  bodies  in  which  they  reside  to  the  pole  of  a  feeble 
magnetic  needle.  To  accomplish  their  discovery  a  compa- 
ratively powerful  magnetic  action  is  absolutely  required ; 
for,  when  thus  assailed,  their  polarization  is  more  easily  en- 
forced, and  their  detection  almost  eertnin.  The  magnetic 
needle,  however,  may  bo  usefully  employed  in  cases  where 
the  suspected  magnetism  of  a  body  is  of  some  easily  detected 
amount ;  and  it  may  be  resorted  to  with  advantage,  in  preli- 
minary trials,  under  all  circumstances,  because  of  the  possi- 
bility of  the  specimen  under  examination  possessing  a  suffi- 
deat  amount  of  magnetism  to  be  detected  by  it,  and  the 
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more  tediouB  mode.1  of  inquiry  being  thus  renderetl  unneMs- 
nary. 

16.  I  hftvc  found  that  a  convenient  and  efficacious  mode  of 
«xiimining  bodies  the  magnetic  octious  of  which  are  T«ry 
vtry  feeble,  and  otherA  in  which  magnetism  has  but  a  qoes- 
tionnble  exi»t«»ce,  is  by  means  of  an  api>anttua  rppresonted ' 
by  the  accompanying  figures. 

n^-i.  Fii.i. 
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Fig.  1  ia  that  part  of  the  apparatus  in  wbieh  the  speci- 
mens to  be  examined  ai-o  pla.ced.  It  consists  of  a  light  cy- 
lindrical wooden  rod  A  B,  abont  12  inches  long,  and  sus- 
pended by  a,  few  parallel  fibres  of  silk  F  F,  from  the  cocoon. 
The  end  B  is  furnished  with  a  light  slip  of  card-paper  and 
two  loops  of  horse-hair,  for  the  purpose  of  holding  the  speci- 
men; say  a  half-crown,  for  instance,  as  represented  in  the 
figure,  which  is  counterbalanced  at  the  other  end  of  the  lever 
liya  sliding  weight  w.  This  part  of  the  apparatus  is  en- 
closed in  a  rectangular  box,  Fig.  2,  whoso  ends,  top,  and  one 
of  its  sides,  ai'o  of  glass,  and  a  brass  tube  rises  from  the 
middle  of  the  top,  in  which  hangs  Uie  silheii  fibres.  The 
head  of  this  tube  sustains  the  fibres  and  their  appendages, 
and  can  be  turned  in  any  liovizontal  direction  for  the  atljust- 
ment  of  the  lover  to  a  parallelism  with  the  sides  of  the  box. 

The  glass  parts  of  the  box  are  sustained  by  a  light  maho- 
gany frame,  with  a  bottom  of  the  same  kind  of  wood.  The 
ends  and  sides  are  fixed,  but  the  top,  which  consists  of  two 
sliding  parts,  can  be  removed  at  pleasure,  for  the  purpose  of 
introducing  the  hands  for  the  adjust^ncnt  of  the  apparatus 
within,  and  replaced  when  the  specimen  has  been  accurately 
couuterpoi.ted,  a  process  which  is  still  farther  facilltarted  by 
the  introduction  of  the  hand  at  one  side  of  the  box,  which  ia 
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opened  for  Umt  purpose,  and  afterwards  cloHcd  by  a  sliding 
mahogany  door. 

Wlien  llie  agitations  of  the  lever  have  subsided,  the  slid- 
ing door  is  partijilly  opened  for  the  inti-oductiuD  of  tlic  poles 
of  a  powerful  Bteel  liorse-shoe  magnet,  which  is  made  of  a 
long  and  narrow  shape  for  the  purpose.  This  mai^net  ia 
placed  on  a  Bliding  can-iage,  by  mt aiis  of  which  it  is  mado 
to  approach  the  specimen,  or  recede  from  it,  with  gi'eat  faci- 
lity, and  in  the  most  gentle  manner.  In  congeqiience  of 
finding  decided  polarity  in  some  specimens  in  which  no  mag- 
netism was  previously  known  to  e.vist,  I  have  been  led  to  the 
employment  of  a  powerful  bar-magnet,  which  I  find  conve- 
nient in  those  cases  where  such  polarity  is  suspected.  I 
liare  also  employed  electro-magnets,  both  straight  and  of 
the  horse-shoe  form  ;  but  having  found  that  these  are  trou- 
bleaomo  and  inconvenient,  I  have  abandoned  the  use  of  them 
altogether  in  these  inquiriea. 

In  cases  where  extreme  nicety  is  required,  I  have  fonnd 
the  following  mode  exceedingly  useful.  Beaidcs  the  sliding 
door  which  closes  one  side  of  tbe  box,  I  have  an- 
other sliding  piere  P,  which  fits  into  the  same 
grooves  in  the  side  of  the  box.  Through  this 
piece  pass  two  cylindrical  rods  of  soft  iron,  i  i. 
about  2  inches  in  length.  They  are  firmly  fixed  in  the 
wooden  slider  at  their  middle  parts,  and  parallel  to  each 
other,  ^\^len  this  piece  is  in  its  place,  the  iron  rods  are  in 
the  same  horizontal  plane,  having  one  half  within  and  the 
otlicr  half  outside  thtr  box,  and  their  inner  ends  presented  to 
the  specimen  suspended  on  the  lever.  When  the  remaining 
portion  of  that  aide  of  the  box  is  closed  by  the  sliding  door, 
the  sjiccimeu  is  nicely  adjusted  to  the  ends  of  the  iron  rod.i 
by  turning  the  top  piece  of  the  tube,  until  the  most  trifling 
fpaec  is  perceptible  between  tliem.  When  nil  is  at  rest,  the 
poles  of  the  liorse-shoe  magnet  are  made  to  approach  the 
outer  ends  of  the  ii'on  rods,  bring  them  into  magnetic  action, 
and  thus  detect  the  magnetism  of  the  specimen,  if  any  exist 
in  Hn  Htructure. 

17.  By  the  assistance  of  this  apparatus,  to  which  I  give 
the  name  Tcraton  Ma^Helotcopi:,  I  have  examined  gold,  silver. 
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copper,  pUtiDuto,  till)  aiitimoDy,  letd,  unc,  bbmuth,  and  naer* 
cury;  and  also  some  of  tlioir  itlloys  aad  salw.  In  none  of 
these  metals,  when  in  a  6tat«  of  purity,  luTe  I  b««n  abl«  to 
diiicorer  tltc  bligbtest  tntce  of  tmi^iutic  avtiun,  though  in  se- 
vvi-al  apcciincus  of  Moo»i  of  tlictn,  &»  they  appear  in  »  com- 
mcrciat  elate,  laAfmctic  iictioii  \»  strongly  developed. 

18.  A  bar  of  bieniutli,  for  iuKUtiioc,  ca^t  froin  »  masft  fused 
in  nn  eortUenwai'e  ci-ucible,  was  found  to  be  highly  magnetioi 
and,  for  a  wliile,  was  considei-ed  as  n  good  tipocimGn  of  tbl 
nuigDOtio  action  of  that  metal;  but  on  examining  uiiathorbM) 
cant  froia  the  reiiiaiuing  portion  in  the  crucible,  and  findin, 
it  ttill  more  powcri'ully  magnetic  than  the  furnitr,  »  suopi- 
cion  waa  itrounud  that  either  their  ci'yatalliue  titructDrea  ivere 
different  to  each  other,  or  tliat  thci  metal  was  not  pure.    Tbe 
experimental  inquiries  whivU  this  euspicion  uocaaioned,  Ie4 
to  the  detection  of  localities  in  the  tvvo  bars  m  whicli  thi 
magnetjo  aetioua  were  more  powerful  tjian  in  the  other 
of  tht'm.  which  gave  riae  to  the  determination  of  uiMatiftff  one' 
of  tbv  bars  at  a  low  beat,  and  running  out  of  the  crucible  tli 
roost  easily  fuHcd  poiiions,  bcfui-e  the  rest  became  tlaid,  whiol 
is  an  excellent  process  for  freeing  pure  bismuth  from  some 
of  the  impuriticH  with  which  it  is  frequently  cuntauinated  i 
the  mercantile  state. 

19.  This  purified  bismnth  having  been  cast  into  a  bar,  wi 
aftenrards  broken  into  convenient  fragments,  and  test«d  by 
the  Torsion  itagmtoneopn,  previously  Jesoi-ibt^d  (16)  ;  but  not 
the  slightest  trace  of  maguotisni  could  be  detected  iu  any  gi 
the  pieces. 

20.  Having  satisiied  myself  that  no  magnetic  action  Fi 
sided  in  the  pm-e  bismuth,  the  dros.s  left  in  the  crucible  w 
softened  by  heat,  and  poured  on  a  stone  slab,  and  on  bein 
tested  developed  highly  magnetio  powei-o.     It  now  became' 
obvious  that  the  whole  of  the  maguetism  displayetl  by  th 
bismuth,  when  in  its  first  stwte  (17),  was  due  to  that  portion 
only  which  was  left  as  dross  in  the  crucible  after  the  pu; 
metal  had  been  run  out. 

21.  From  the  ]'e!iults  thus  arrived  at,  I  was  induced  to  fu 
otlicr  poHioos  of  mercantile  bismuth,  and  run  tint  the  purest 
portions  of  the  metal  at  tiie  lowest  degree  of  fusible  heat,  1^ 


no 

I 


via 

2 


^apnetie  Charatttrt  of  Melatt,  j'c. 


n 


which  meanB  I  bare  been  enabled  to  separate  tlie  magnetic 
from  tbe  unnm^netic  ponions,  and  tbus  to  arriv«  at  th«  vchi- 
cluitioa,  Ibat  pure  bismut]i  itt  not  tttuceptibla  of  any  direct 
magnetic  action  by  the  mere  approach  of  tbe  poles  of  a 
powerful  ma^el.  which  I  consider  a  test  of  far  greater  cer- 
titintj'  and  exactnesH  than  that  of  a  feeble  magnotic  needle, 
whatever  may  be  the  delicacy  of  it»  fltiapennioii ;  and  aa  a 
peculiar  claas  of  phenomena  become  displayed  by  a  sudden 
development  of  the  powers  of  an  electro-magnet,  much  tnis* 
conception  might  rise  from  its  employment. 

22.  The  most  usual  impurities  of  bismuth  of  commerce  ar« 
Hulphur  and  arsenic,  and  occasionally  a  small  portion  of  nil- 
Tcr  aud  iron.  On  subjecting  the  di-ossy  part  (Itl)  to  dilute 
Rulpburic  acid,  a  portion  was  diasolved;  after  which  tbe 
liquid  was  reduced  almost  to  dryness  by  evaporation.  Tbe 
residue  being  diluted  with  water,  and  a  solution  of  ferrocy- 
anuret  of  potaestum  being  added,  it  assumed  a  blue  colour, 
which  indicated  that  a  portion  of  iron  bad  been  diHsolved 
from  tbe  mas§.  On  disBoIving  another  portion  of  the  droas 
(IS)  in  dilute  sulphuric  acid,  tlie  presence  of  iron  was  again 
iodicatad  by  tbe  addition  of  bruised  gall-mit.  Hence  it  naa 
fair  to  infer,  tliat  the  whole  of  the  magnetic  action  displayed 
by  the  maita  was  due  to  tiie  iron  it  contained. 

23.  I  have  examined  antimony  in  the  same  way.  and  Iiave 
fowid  some  specimens  magnetic,  and  many  others  in  which 
magnetic  action  could  not  be  detected,  iiy  thus  operating 
on  anlimony,  however,  it  would  be  impoBsible  ta  form  a  cor> 
rect  idea  of  tbe  magnetic  or  uumagnetic  state  of  that  metal ; 
beeaufte,  as  will  appear  in  the  sequel,  of  its  masking,  to  a 
eonuderablc  extent,  the  magnetism  of  even  considei'able  pro- 
pertions  of  irtni,  when  the  two  metaU  form  a  perfect  alloy. 
Hence,  in  order  to  test  antimony  magnetically,  it  becomes 
neoessary  to  ascertain,  by  chemical  prooessea,  tliat  it  is  pe^ 
feotly  pure,  and  especially  that  it  i^  fret>  from  iron  ;  foi',  al- 
though antimony  will  mask  the  magnetism  of  iron  when  in 
perfect  union  with  tliat  metal,  a  very  tiitling  proportion  of 
tmoombined  iron  will  render  the  whole  mass  apparently  mug' 
Dctic  By  attending  to  these  particulars,  pure  antimony  will 
not  be  found  to  display  any  magnetic  action.     (17.) 
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34.  It  ia  generally  nuderatood,  principally,  I  believe,  opon 
the  authority  of  I>r  Seebeck,  of  Berlin,  that  iron  becoRi«s 
"  completi.>ly  destitute  of  miignetic  action"  when  alloyed  with 
four  times  its  weight  of  antimony.*  This,  however,  does  not 
appear  to  bo  correct,  for  I  havo  formed  very  perfect  alloys  of 
tlicflO  t>vo  motiilH,  in  n  groat  variety  of  proportions,  and  find 
that  when  the  iron  doett  not  form  even  a  twentieth  part  of 
tlio  mass,  it  is  still  ina^nettc,  though  in  a  very  low  degree, 
When  the  alloy  is  of  ciitial  parti*  of  iron  and  antimony,  it  ifl' 
highly  muf^netic.  This  alloy,  when  broken,  exhibits  a  dark- 
grey  fracture,  somewhat  glittering.  It  is  easily  reduced  into 
powder  by  the  operation  of  a  file,  or  by  pounding  in  a  mor- 
tar ;  and  what  is  very  remnrkablc,  it  yields  an  abundance  of 
deep  crimBon  Hparks  when  struck  against  hard  ateel. 

25.  It  haa  already  been  stated  (17),  that  pure  copper  ii 
not  magnetic ;  and  I  must  now  add  that,  in  a  very  few  cases 
only  have  I  detected  magnetic  nction  in  the  copper  of  cwn- 
inercL',  altlKingli  I  have  tested  a  great  number  of  specimens 
both  in  the  state  of  sheet  and  of  wire. 

26.  In  the  copper  coinage  of  this  country,  I  have  nerei* 
yet  met  ivith  magnetic  action,  notwithstanding  the  number 
of  exjteriments  1  have  made  on  the  various  cop|)er  coins  that 
have  been  struck  in  the  i-eigns  of  several  sovereigns. 

27.  In  the  gold  and  silver  coinage,  however,  in  which  co|h 
per  forms  a  constituent  part,  the  case  is  very  different.  These 
alloys  are  nearly  all  of  them  decidedly  magnetic,  and,  pro- 
bably, none  of  them  entii-ely  free  from  magnetism.  The  gold 
coinage,  however,  displays  much  feebler  magnetic  action  than 
the  silver  coinage  ;  indeed,  in  many  gold  coins  the  existence 
of  magnetism  may  be  considered  as  (Questionable,  whilst  in 
others,  and  especially  in  those  of  1844,  magnetic  action  is 
prominently  displayed. 

28.  The  silver  coinage,  although  in  some  specimens  scarcely 
any  magnetic  action  can  be  detected,  ia  generally  magnetic 
in  a  very  eminent  degree  ;  and  I  have  found  t!ut,  when  any 
one  piece  of  a  pai'ticniar  coinage  displays  considerable  mag- 
netic action,  the  whole  of  that  coinage,  as  far  as  I  have  ex- 
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amiiicd  it,  ia  siinilarl}'  magnetic.  And.  oa  tbe  otbor  hand, 
vrhcu  a  silver  coin  haa  been  I'ound  to  be  hut  very  BligliUy 
magnetic,  I  hare  but  rarely  met  with  one  of  tlial  particuloi' 
coinage  in  which  any  conaidei'alilo  degree  of  magiieltsm  could 
be  detected. 

29.  Of  the  silver  coina  that  hnvc  come  iind«r  my  notice,  a 
half-crown  of  William  and  Marj%  dated  1C91,  is  the  moat 
eminently  magnetic.  The  next,  in  point  uf  magnvttc  action, 
are  the  Ualf-crowns  of  1844  and  1845 ;  then  one  of  George 
IV..  the  dato  of  nhich  1  have  not  noted.  The  half-crowns 
of  George  111,,  of  1S19  and  1820,  ai^e  more  slightly  magnetic 
ihan  Uio»e  last  named,  and  the  half-crowns  of  both  coinagea 
in  1817  arc  still  leitH  magnctii:  than  tlkOHc  of  1S19  and  1820. 
ShilliiigK,  also,  of  certain  ooinages,  are  magnetic  in  an  eminent 
degree,  and  there  are  but  few,  if  any,  that  I  have  examined, 
that  arc  entirely  ntjutrul  to  the  high  magnetic  powers  witJi 
Trhich  tlioy  [lavt.-  been  assailed. 

30.  Silver  ai'ticlvii  for  domestic  piirpoi^es,  such  as  spoons, 
prongs,  fruit-knives,  &c.,  were,  in  many  specimens,  found  to 
be  much  more  magnetic  than  any  of  the  silver  coins  that  I 
kaTO  examined.  I  have  borrowed  several  sets  of  silver  tea- 
l{)oons  from  neighbouring  families,  and,  witli  tbe  exception  of 
4tio  half.dozen  of  Scotch  spoons,  of  a  very  old  date,  alt  have  dis- 
played high  magnetic  powers,  though  of  very  different  degi'ces 
in  different  seta.  But  what  is  veiy  remarkable,  if  one  indi- 
vidual spoon  was  found  to  be  highly  magnetic,  the  wliole  of 
that  particuloi-  set,  whether  it  consisted  of  half  a  dozen  or  n 
doxen  apoons,  were  highly  magnetic  also.  And,  generally, 
whatever  might  be  tbe  magnetic  condition  of  any  individual 
spoou,  the  whole  number  of  the  set  to  which  that  epoon  be- 
longed were  magnetic  alike,  or  very  nearly  so.  Hence,  if  the 
qaantity  of  magnetic  action  of  any  individual  spoon  were  to 
b»  denoted  by  q,  and  the  nnmber  of  spoons  iu  the  set  denoted 
by  n,  the  sum-total  of  magnetic  action  in  that  set  of  spoonft 
muld  be  »  y  nearly.  Of  coarse,  this  reasoning  applies  only 
(o  individual  sets  of  spoons  which  are  of  uniform  make,  com- 
position, and  structure  of  metal.  It  appears  also,  as  far  as 
my  experience  has  extended,  that  the  same  mode  of  reasoning 
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would  gire  the  Bum-totol  of  all  Uie  magnetic  action  tliat  an 
individtuil  coinage  n-oald  display.  Suppose,  for  instance,  i 
magnotinn  displayed  by  a  half-tn-own  piece  were  to  be  take 
as  ttie  unit  of  quantity  oqnal  g,  then  the  number  of  tbe  piece 
being  »,  thi;  t«iim-totiil  of  inntrnotism  which  the  wbolo  of  tba 
coinage  would  display  would  be  n  7  nearly ;  and  similiirl] 
for  any  other  coinage  of  ttilver. 

81.  The  diflbrcnce  of  magnetic  action  displayed  in  the  ailvo 
coinage  and  domcittic  artielva  of  tliat  metal  (29, 30),  led  to  the 
fluppositioQ  tliat  minutv  portions  of  iron  might  accidentally^ 
have  got  introduced  to  tlic  alloys  whilst  in  a  titat«  of  fusion, 
which  had  some  probability  in  it«  favour,  from  the  fact  that 
the  metal  for  silver  coinage  is  fused  in  cast-iron  pot«,*  and, 
therefore,  liable  to  take  np  n  portion  of  those  vessels,  But, 
on  the  other  hand,  if  that  were  always  the  practioe,  it  woul^H 
lead  to  tlie  inference  that  in  all  the  ailver  ooiua  the  u'on  would 
be  nearly  in  the  same  proportion,  and  the  extent  of  magnetic 
action  almost  the  Maine  in  all ;  whereas,  by  tlie  teata  already 
described,  this  is  not  the  case. 

32.  The  cun-ent  silver  coinage  of  William  and  Mary  h«^^ 
came  so  base,  that  in  the  year  1694  it  was  all  called  in,  an 
a  new  coinage  issued.    From  this  fact,  it  occurred  to  me  that 
there  was  a  possibility,  at  least,  that  the  high  degree  of  mag- 
netic nctioii  displayed  by  the  half-crown  of  1601  (29),  was 
owing  to  an  undue  proportion  of  copper,  or  of  some  other  ia'<^| 
ferior  motal.     This  idea  Iwl  tii  tlie  selection  of  a  shilling,  in™ 
which  scarcely  a  trace  of  uiagniHism  could  bo  detected,  for 
fuaionwith  an  adilitional  portion  of  copper,  also  non-magnetic 
having  been  obtained  by  the  electrotype  process.     These 
together  with  a  piece  of  pure  silver,  were  fused  in  an  earthen- 
ware crucible,  and  ran  out  upon  a  sheet  of  copper.     The  cop 
per  in  this  alloy  was  about  one  to  tire  of  silver,  which  is  uioreJ 
than  trvice  the  proportion  of  that  in  the  staiidai-d  coinage.^ 
On  subjecting  this  mass  to  the  ternon  moffmtoaeope,  it  wa 
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found  to  be  more  liigly  lOfignctic  than  \he  old  liftlf-cfyjwn  bf 
WiUbm  and  Mary  (29.) 

33.  Tliiti  singiiUr  reitiHt  bits  cOKt  tne  much  thought  luid  a 
jrreat  deal  of  trouble.  The  onidlile  omployod  was  quite  clean, 
hftrinjZl  never  been  used  befori) ;  and  \i*  contents  during  tlic 
lime  it  wftR  in  the  fire  were  the  silver  and  copper,  and  a  mix- 
tun-  of  pnlverixcfi  elmrcoal  »iid  common  salt.  Similar  piooes 
of  chnrcoft)  nnd  slices  of  tlio  rtamc  quality  of  salt  have  been 
tested,  hot  no  ma^etic  ndion  could  he  detected  in  cither. 
Wljence,  then,  this  almoHt  unexpected  inagnotinm  in  the 
metalUo  alloy  J  Fragments  of  a  broken  eraciblo  nimilar  to 
that  lifted  were  found  to  be  Bliglitly  magnetic,  probably  from 
a  portion  of  ii-on  in  the  clay  of  which  it  wan  fm-nied :  but  the 
magnetic  action  in  the  fra^tent  of  the  eniciblo  was  not 
nearly  bo  great  as  that  displayed  by  the  alloy.  Moreover, 
the  pure  portion  of  the  silver  that  entered  Iht;  alUiy  had  pre- 
rioHftly  been  fused  in  a  similtip  crucible  (one  of  the  ftamo  nest), 
itnd  with  a  similar  roixtui*e  of  pulverised  ehaix-onl  and  salt^ 
and  yet  shevrcd  no  trace  whatever  of  nin^etic  actJou. 
ITenee.  it  could  hardly  be  ima^ned  that  the  mnifnetiBm  dtn- 
played  by  tJie  alloy  was  due  to  iron  derived  from  Hie  crucible. 

3^.  After  subjectintf  a  portion  of  the  alloy  (32)  to  diluto 
nili'ic  acid,  and  finding  no  iron  in  the  solution,  tlic  surface  of 
the  metal  was  washed  in  clean  wnt«r  and  thrown  into  dilutee 
sulphuric  acid,  which,  upon  tJie  principles  of  electi*o-chemi«- 
try,  took  up  a  portion  of  the  copper  :  and,  had  iron  been  pre- 
at<iit,  wuuhl  have  taken  it  up  also.  But  no  indication  of  that 
n)«tal  appeared  by  the  test  of  gall-nut,  nor  by  that  of  feiTo* 
cjanurct  of  potassium  ;  but  the  formation  of  ferroeyatuiret 
(rf  copper  was  manifested  in  an  eminent  degree,  though,  pre- 
vEotuily  to  the  inti-oduction  of  the  fcrrocyannret  of  potassium, 
•earcely  any  colour  WM  perceptible  in  the  liquor." 

36.  i'rom  the  fnctx  abore  described  (32,  33.  34j, — aud  at 
present  1  rest  on  no  otJicrdata. — I  am  inclined  to  think  that 
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if  any  iron  could  possUily  have  entei-ed  the  alloy,  its  ([nimtil; 
muHt  have  been  too  BinaU  to  canse  the  high  degree  of 
nutic  QctioD  wliich  tlie  apecimeu  cxhil)ited. 

36.  On  c(»iiparii)g  tlii!«  niloy  of  mlvcr  and  copper  with  Ihe 
alloy  of  iron  and  iintiinuiiy,  in  which  tltc  weight  of  the  I»tt«^| 
niotal  is  only  about  twenty  tiineii  that  of  the  iron  (34),  some 
Tory  rcmarkublc  circumHtanceH  preacnt  tLcm»elvcB.     la  the 
former  alloy,  where  no  iron  «aii  be  detected  by  the  a»ual  che- 
mical teHtft.  wc  have  a  inotiil  wliose  nmguclic  action  is 
leoat,  twice  as  powerful  as  that  displayed  by  the  alloy  of  1 
and  ADtlmony,  an  alloy  of  which  iron  constitutes  a  very 
siderablc  proportion,  and  whose  presence,  hod  it  not  been 
pveviou.tly  kno^vn,  could  have  been  detected  by  the  humblest 
tei«t  for  ferruginous  matter.    These  jiarallcl  esjiiii-iineutM  tend 
to  shew  oitlier  that  an  alloy  of  pure  ailver  and  pure  copper  is 
ma^cttc,  or  that  the  magnet  is  a  better  test  for  Uie  pri^seBce 
of  minute  portions  of  iron,  in  sucli  alloys,  than  any  hxi 
known  in  chemical  manipulatioaa. 

37.  I  regret  that  another  piece  of  unmagnetic  silver 
not  yet  fallen  iu  uiy  way,  to  enable  me  to  moke  further 
vestigations  on  this  ctu'ious  subject.     But  I  am  iu  hopes  o: 
obtaining  unequivocal  results  before  the  second  [lart  of  thi 
memoir  is  brought  befoi'e  the  Society. 

38.  With  respect  to  brasH,  one  of  our  most  impoi-tant  al- 
loys, I  bave  found  it  to  be  highly  magnetic  in  a  great  number, 
of  cases,  yix.,  in  all  the  vainoua  states  of  newly  cast  bras, 
brass-wire,  and  sheet-braas,  as  well  as  in  sevwal  articles  o 
brass  manufactui-e.     But,  from  the  very  great  cUffi-renco  iu 
the  degi-ees  of  magnetic  action  displayed  by  different  speci- 
mens of  this  beautiful  alloy,  aod  the  total  absence  of  that 
action  iu  others,  tk(;re  lias  appeared  to  me  a  high  degree  of 
probability  that  the  miigtictism  displayed  by  broiis  is  due  to 
accidental  poi'tiona  of  iron  in  tlio  alloy. 

39.  Cavallo  discovered  that  in  magnetic  brass  the  action 
was  more  powerful  in  large  pieces  than  in  small  ones.  This 
fact  1  have  also  observed  in  several  specimens  that  I  have  ex- 
amiaed.    The  reason  tteems  to  be,  that  in  the  larger  pieces  a 
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greater  qn&ntity  of  ferruginoua  nuitter  (if  present)  is  brought 
into  operation  than  in  the  small  pieces. 

40.  Cavallo  also  states,  that  hanimibi-ing  an  unuiagnetic 
piece  of  brass  will  cause  it  to  beoonie  magnetic.  jVji  instance 
ofthjskindl  Lave  never  yet  met  with  ;  but  I  have  foim<I  tliat 
when  an  unhamoiered  piece  has  been  so  sliphtJy  magnetic  aa 
to  bavtf  tliat  character  but  just  disoemible,  bammei-ing  it  so 
as  to  compress  its  two  sides  closer  togetlier,  gives  it  an  in- 
creased magnetic  action,  which  may  possibly  be  a  cfinsc* 
qoenee  of  bringing  the  whole  of  its  magnetic  particles  more 
oompletely  within  tlie  range  of  tbe  toating  magnetic  influence ; 
and  I  am  inclined  to  believe  tJiat,  bad  Oavallu's  tost  been 
more  powerful  than  a  magnetic  needle,  he  would  have  found 
thai  those  pieces  whose  magnetism  he  thought  was  due  to 
compression  alane  were  slightly  magnetic  previously.  Still, 
however,  thei-e  is  a  possibility  that  magnetism  might  be  de- 
tected in  compressed  brass,  in  which  that  power  is  too  feeble 
to  be  detected  whilst  the  metal  is  in  an  uncompressed  state, 
even  by  powerful  magnetic  teata. 

41.  In  adtUtion  to  the  advice  given  by  Cavallo,  respecting 
the  necessary  caution  in  employing  brass  in  the  construction 
of  compass  boxes  (note  to  6),  I  should  advise  the  makers  of 
those  useful  instruments  to  test  every  piece  of  brass  intended 
to  be  employed  in  their  construction,  by  a  powerful  magnet, 
instead  of  testing  them  in  the  usual  way  by  means  of  a  deli- 
cate magnetic  needle  ;  and  if  this  test  be  accurately  per- 
formed when  the  metal  firat  an-ivws  from  the  foundry,  the  de- 
tection of  any  concealed  magnetism,  even  if  very  feeble,  will 
be  almost  certain,  and  mud)  of  that  labour  and  micorkaiuty, 
wbicli  must  always  attend  examinatious  by  the  needle,  would 
be  AToided.  Unfortunately,  however,  too  mudi  reliance  is 
OSoallyplaced  on  the  mere  appearance  of  the  brass,  or  on  the 
character  of  the  fonudi-y  whence  it  is  procured,  aud  the  con- 
sequence is,  that  but  very  few  brass  compass  boxes  tliat  ara 
in  common  use  are  entirely  free  from  magnetic  action. 

42.  The  next  alloy  of  importance  that  I  have  examined  is 
German  silver,  in  which  nickel  in  one  of  the  principal  consti- 
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iueotc.  In  the  best  kind  of  Oennnn  silver  (oonstituted 
co])per  eight  pnrta,  nickel  six,  and  sine  tbre«),  a  slight  mag- 
netic action  haa  been  detectoil.  but  in  tbe  ioroi-ior  kinds  of 
Orel-man  siWer,  into  wbich  only  about  tbi-ee  parts  of  nickel 
enter,  I  hare  not  detect«d  any  magnetic  action  whatever.  ■ 
Hence  the  magnotiun  of  tlint  portion  of  nickel  is  obvioualy 
neuti-nliiicd  in  tbut  particular  nlloy.  , 

43.  The  metallic  suUh  that  I  Itave  examined,  arc  some  of  ■ 
those  most  A'equent  in  common  iiite.  Thesallaof  iron  were  ' 
the  sulphate,  the  yellow  and  the  red  ferrocyonuret  of  potas- 
sium, also  Prussian  blue.  These,  with  the  exception  of  the 
yellow  pruasiate.  ai*e  magnetic  ;  the  sulphate  of  iron  in  the 
highest  degree  of  any  of  them,  it  is  somewhat  remarkable, 
tluit  the  two  kinds  of  pruasiate  of  potash,  where  the  propor- 
tions of  iron  are  so  nearly  alike  (j-ellow  15  per  cent.,  red  16 
per  cent.),  should  display  such  u  material  difForvDCC  in  their 
magnetic  characters  ;  and  it  is  still  moi-o  lungidar  that 
Fi-u^iiian  bine,  which  contains  more  than  45  per  cent  of  iron, 
is  IcHH  magnetic  than  the  red  prussiate  of  potash.  The  sul- 
phate contains  about  33  per  cent,  nf  iron,  and  is  the  most 
magnetic  of  thv  wholu. 

44.  Pni-e  snlphatu  of  copper  sliews  no  magnetic  action,  but 
that  of  commei-ce  is  highly  magnetic,  bciog,  as  I  luivc  iwcor- 
tained,  adulterated  with  sulphate  of  iron.  Hence.  Uio  mag- 
net ^TOuld  be  a  i;ood  and  speedy  test  for  the  qnaltty  of  tbe 
commercinl  salt. 

45.  The  following  salts  appear  to  be  perfectly  neutral  to 
magnetic  forces  : — Common  salt,  saltpetre,  borax,  eulphat4', 
of  magnesia,  .sulphate  of  soda,  sulphate  of  potash,  carbonate 
of  potash,  and  carbonate  of  soda. 

46.  Thus  far  I  have  attempted  to  contribute  to  the  list  of 
.facts  pi-eviously  kuowu,  and  to  correct  some  en-ors  which, 

probably  on  account  of  the  inefficient  modes  of  investigation, 
have  crept  into  this  particidar  branch  of  science.  It  is  pos- 
sible ali^o,  1  think,  that  some  of  the  facta  which  have  now 
been  pointed  out,  may  be  an  inducement  to  employ  the  mag* 

tot  more  extensively  thau  lilthei-to  in  the  laboratory  of  the 
'  chemist. 
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47.  In  addition  1o  the  fiictii  onnmei-atcd  in  the  lirst  section  of 
tJiiB  memoir,  I'urtlicr  invcatigiktioiis  IiAve  led  to  the  diftcovery 
of  iitliei-fi  of  n  no  Icbh  iiitiTcstinjj  i-liaracter.  By  extending 
tlie  examination  of  British  itilvcr  coins,  I  find  tluit  tlie  tvlioln 
of  them  urv  tnoi-o  or  Ickh  muguc-tic.  The  Imlf^vruwiis  of  tho 
preaeut  m^ii  that  I)«vo  come  uitder  my  observAtiun  lu-e  cci-- 
tainly  nil  ma^K^tic,  and  »oue  of  tliom  displeiy  considerably 
high  ma^iutitt  powers,  more  ««pccialty  those  of  the  years 
1812,  1844,  nnd  1845  ;  and  a.  Victoriji  shilling,  coined  in  the 
year  1842,  is  still  more  magnetic  than  any  of  the  half- 
crowns. 

48.  The  balf-crowna  of  George  the  Foai-th  are,  in  general, 
highly  magnetic,  though  but  very  few  of  them  display  sncb 
high  magnetic  powers  as  some  of  tJiose  of  William  the  l''ourtb. 
There  ia  sometJiing  rcinarknblu  in  tlie  following  fact : — 1  have 
not  met  with  any  of  the  lialf-erowiis  of  Geoi-gc  the  Third 
that  are  so  powerfully  magnetic  us  thoso  of  6ubt«quent  ooiu> 
age. 

4i).  Willi  respect  to  »i!voroi-n«meut»,  silver  medallions,  and 
silrer  articles  for  domestic  purposes,  they  differ  materially 
in  tboir  magnetic  characters ;  but,  generally,  tbey  arc  more 
highly  magnetic  than  the  British  silver  coins  (30). 

SfO.  The  large  silver  medal  of  the  Society  of  Arts  for  the 
year  1825,  weighs  nearly  two  and  a  half  onnces ;  yet  it  does 
not  display  even  tJie  slightest  degi-ee  of  magnetic  action,  by  the 
most  eevere  test  to  which  I  have  subjected  it;  whiUt  a  small 
stiver  medallion  of  tlie  OommonwcuUh,  roprestnting  Lord 
Essex  on  one  side,  and  the  two  housctt  of  parliament  on  tlio 
other,  was  found  to  he  more  highly  magnetic  than  any  of  the 
prorlously  named  coins.  A  small  silver  medallion  of  Charles 
tho  fiecond,  exhibited  n  slight  degi'ce  of  magnetic  action. 
An  Indian  rupee  tlint  I  examined,  sliewed  no  msgnotic  action 
wbatover,* 

51.  T]ie  present  gold  coinage  of  lliiH  country  is,  in  general, 


*  For  Uh)  n**  or  tAatc  mtdillioiii  anil  tlie  ludlan  acta,  I  ku  iaJobtcd  to  m/g 
rrtwl  Q.  WwlBg  Ormorod,  £ei). 
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but  feebly  magnetic.  I  have  met  with  a  few  sorercignR  of  tfce 
present  reign  which  are  more  magnetic  tlian  any  others  that 
have  come  mider  my  notice. 

52.  With  respect  to  jeTrellerj',  it  is  generally  more  highly 
magnetic  tlian  those  nrticlea  of  silver  that  hare  come  under  my 
examination.  Wedding  rings,  which  contain  but  a  amtill 
proportion  of  copper,  have  so  slight  a  degree  of  magnetic  ac- 
tion aa  almoat  to  elude  the  detection  of  it ;  whilst  ornamental 
rmgs,  keepers,  &c..  which  contain  a  much  greater  proportion 
of  copper,  arc,  generally,  highly  magnetic.  Soiat;  ear-ringa 
that  I  have  cxamineil,  are  still  more  magnetic  than  the  finger* 
rings.  Gold  watch-chains  are  generally  magnetic,  especiiilly 
those  containing  much  copper :  also  gold  spectacle  frames, 
nnleea  they  be  of  what  is  called  6ne  gold,  are  magnetic  to  a 
considerable  extent.  In  all  cases  where  steel  or  iron  screws 
or  nails  have  been  found  in  the  gold  articles  examined,  those 
parts  have  been  carefully  removed  previously  to  the  magnetic 
test  being  applied. 

53.  We  next  come  to  the  cou-sideration  of  metallic  alloye,  of 
whicli  either  iron  or  nickel  form  no  inconsiderable  projjor- 
tions.  It  baa  already  been  shewn  in  the  first  section  of  this 
memoir  (24),  tliat  antimony,  when  alloyed  witli  iron,  eonnter- 
acts  the  magnetic  action  of  the  latter  metal  in  a  very  emi- 
nent degree,  rendering  it  almost  ondetoctable  when  the  iron 
amounts  to  little  less  than  a  twentieth  part  of  tijo  mass :  and 
I  find  tliat  when  the  ferniginous  metal  amounts  to  no  more 
Ihau  about  one-fortieth  of  tlie  mass,  its  magnetic  powers  en- 
tirely disappear. 

64.  There  are  several  other  metals,  besides  a  number  of 
other  bodies,  wliich  either  partially  or  wholly  neutralize  the 
magnetic  actions  of  iron  and  nickel.  The  moat  eminent  of  the 
metals  in  this  capacity  is  zinc.  This  metal,  which  till  tliese 
researches  were  undertaken,  was  not  known  lo  affect  the  mag- 
netism of  iron,  neuti'allzes  nearly  the  whole  of  that  power 
ivben  alloyed  with  an  equal  proportion  of  the  ferruginous 
metah  And,  although  from  an  accident  with  the  melting-pot, 
I  have  not  yet  arrived  at  the  fact,  I  luivc  no  doubt  wliatever 
that,  when  the  iron  nmoimts  to  no  more  than  one  quarter  of 
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the  iDsss,  ita  alio;  with  zinc  will  be  perfectly  nentral  to  Die 
mngnot.* 

55.  The  neutralizfitjon  of  ma^etism  in  Jroa  by  alloying 
it  vrith  zinc  is  a  fiict  of  high  importance  in  the  contemplation 
of  metullio  magnetism  ;  and  espcciitlly  the  magnetism  of 
brass  and  other  alloys,  in  which  zinc  forma  a  conaiilorable 
proportion.  For  it  is  highly  pi-obable  that,  since  zinc  smothers 
tlic  magnetic  influence  of  large  proportions  of  iron,  a  con- 
fiiderAble  quantity  of  the  latter  metal  might  enter  the  com- 
position of  bi-asg,  vrithout  rendering  it  palpably  ninjfnetic. 
Such,  in  fact,  would  absolutely  be  the  case,  provided  the 
alloy  were  perfect,  and  that  the  copper  had  no  influence  on 
the  magnetic  condition  of  the  combined  iron  and  zinc. 

56.  To  satisfy  myself  on  this  point,  I  bavo  subjected  to 
chcmicjvl  analysis  some  of  those  »pecimens  of  brass  which 
had  been  found  to  be  highly  magnetic ;  and,  as  far  as  I  have 

L  proceeded,  there  appears  no  reason  to  suppose  that  the  mag- 
B  BOtic  powers  they  displayed  were  due  to  iron  in  their  com- 
J  poitition.  Indeed,  I  am  now  inclined  to  embrace  the  opinion 
1  of  Cavallo  (6,  note),  that  the  magnetism  of  brass  is  not  due 
1  to  femiginous  matter,  but  depends  upon  a  suitable  arrango- 
Bfment  of  tJic  pai-ticles  of  its  proper  constituent  metals,  copp^ 
*  and  zinc.  Nor  do  I  believe  that  brass  generally,  as  it  leaves 
llie  foundry,  contains  any  notable  quantity  of  iron.  I  have 
analysed  many  specimens,  both  magnetic  and  unmagnetici 
and  the  traces  of  iron,  where  any  were  discoverable,  were 
very  minute,  and  as  fi-oquent  in  the  one  kind  as  in  the  other. 
It  is  true  that  some  specimens  of  brass  contain  more  than 
an  average  proportion  of  ii-on  ;  but  it  is  a  curious  fact  that 
tliC8«  specimena  are  not  those  which  display  the  greatest 
mikgnctic  powers. 

57.  We  leam,  also,  from  these  facts,  that  the  demagnet- 
iiing  powers  of  antimony  and  zinc  will  necessarily  prevent 
the  detection  of  small  proportions  of  iron  in  those  metals, 

*  Since  Mm  I'aper  vns  read,  I  hn'Vfi  SBCcrtainctl  that  vt  alio;  of  into  anil 
tine  la  Um  proportioa  of  1  to  T  rGBpcctircly,  is  quite  iIisiitutocirougDatUac- 
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erea  by  the  «ui  of  powerful  mati:T>etic  force*,  Hod  leare  aa  in 
nocerUiDly  regarding  their  purity  when  examined  by  tliil 
teit  alone. 

fid.  l.i««tl  and  iron  do  not  easily  unite  into  a  peWect  alloy, 
exeeptini^  when  the  ferruginous  metal  in  in  very  small  pro* 
portions ;  but  nhen  thna  combined,  the  iron  loses  a  gr«i>t 
part  of  its  nnturul  magnetic  qualities. 

59.  Silver  and  copper  onito  very  sparingly  with  iron  ;  butfl 
whether  the  magnetic  powers  of  the  latter  are  affected  by 
its  union  with  IhoM  mctaU  or  iwt,  is  not  yet  kn^nvn, 

60.  In  order  to  oitcertain  the  exact  quantity  of  pure  metal 
lie  iron  that  would  render  a  neutral  half-crown "  apparent^, 
ma^ctiv,  to  the  ttanie  extent  as  another  halt'-erown  wa« 
abtt^Htely  mitgnetic,  I  attaehed  to  the  furnier,  by  nicana  of 

ened  gum,  new  iron  fdiiigs,  and  after  many  triuU  uscer- 
'iaioed  that  the  requisite  quantity  of  tilings  amounted  to  about 
a  ten -thou  Mkndth  part  of  the  msHs  ;  and,  on  chunging  the  pore 
iron  for  the  peroxide  of  iron,  a  48l>th  part  of  the  masa  was 
required  to  render  it  equally  magnetic  with  the  standard 
half-crown.  Now,  as  more  than  twa-thii-d«  of  this  oxide  is 
iron,  it  follows  that,  iu  this  state,  tlio  iron  loses  a  ooosider-fl 
able  portion  of  it«  mn^nK'tic  powers ;  and  that  the  proportkn 
of  iron  re<{uiri-d  iii  tliiii  case  to  produce  the  standard  d^ree 
of  magntitisui  to  the  mastt,  was  little  short  of  a  704}th  part,    fl 

61.  Now,   if  any  iron  existed  in  tlie  standAi-d  mufi^etic 
half-crown,  uncuDihiiicd  witlj  t)ie  other  uittiil^^,  it  must  have 
been  in  a  state  of  peroxide,t  and  that  more  than  an  &00tk 
part  of  the  half-crown  must  liuve  consisted  of  iron,  if  iXtiM 
magnetism  were  due  to  tlie  presence  of  that  metul.  ' 

62.  Again,  the  mi^^netic  action  of  this  half-crown  was  con- 
siderably more  feeble  than  tliat  of  the  alloy  which  has 
chemically  uiuimincd  ;  and  in  whichi  if  ii'on  ivere  present  at 


*  This  pleco  of  coin  wait  not  entiielf  ilaToiil  of  mBgnetic  action,  but  it  ap- 
proacliml  uoaror  ta  a  Ka.\a  of  neatrnJity  thui  rtay  «tlier  1  theo  bad-  lu  actiM 
wu  vfiy  (celila  inilmiJ. 

t  It  U  p«ad.b1a  Ihol  tba  iroii,  If  an;,  mlgUt  li«  in  tbe  elsle  of  a  carbuMt ; 
,  evtti  In  tiiia  coodltiun,  uucb  uf  iu  mngiiatio  powora  nould  be  neutraUMd. 
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all,  thai  metal  wtiM  in  n  lt>s8  [iroiiortton  tb«n  a  20,000th 
[Hu-t  of  llift  mnsii,  wliicb  proportion,  in  a  state  of  peroxide. 
And  divided,  us  it  necesHarily  must  have  been,  thniii^U  tho 
wholo  alloy,  woald  scarcely  yield  the  nli^hteat  porcept'iblc 
magnetic  action.  Moreover,  if  iron  to  that  amount  were 
eren  pure  or  nncombined,  its  quantity  wna  t'lir  too  Hmnll  for 
the  display  of  thoae  high  nuignetio  jiowvnt  of  wliivli  it  was 
ohvioualy  possessed.  And  aa  there  \n  a  probability  at  1ea«t, 
that  the  magnetic  powei's  of  iron  become  dcterioruted  by  an 
alloy  of  that  metul  with  silver  or  witli  copper  or  both,  tlicnj 
is  not  the  slightest  reason  for  HuppoAing  thut  thitmu^nctism 
of  the  alloy  in  question  (32)  w&n  due  to  any  iron  that  it  could 
posaibly  contain.  Nor  do  I  boliere  tlmt  the  niagiiotiv  avtions 
displayed  by  the  eoiimge  aru  traceable  to  the  presence  of  iron. 

Gd.  it  has  ah-eiL(ly  bven  stated  (42;  that  the  ma^etic  action 
of  nickel  Lh  considerably  neutralized  when  combined  with  icino 
knd  cup{>er  in  the  alloy  constituting  (icrman  silver.  Since 
tliat  [Mui  of  tliiit  memoir  was  read  before  this  Society,  I  hare 
hlul  an  opportunity  of  alloying  nickel  with  zinc  alone,  and  have 
ueertained  that  when  the  zino  ia  about  ci^Ut  or  ten  timeit  the 
quantity  of  ntckol,  the  alloy  is  perfectly  ueutral  to  the  magnet. 
This  alloy  has  a  zinc-«oloured  fracture,  imd  partially  crystal- 
ilztti  in  the  manner  of  zinc  ;  but  it  is  extremely  brittle  and 
easily  pulverij^ed  i»  a  mortar. 

64.  Xickel  and  antimony  combine  wiUi  facility,  and  in  an 
extraordinary  manner.  If  two  pictei*  of  the  metiils,  one  of 
each,  be  p1ac«d  side  by  side  iu  the  crneiblo,  so  as  to  touch 
one  another,  especially  at  their  upper  ends,  the  moment  the 
aatimotiy  assumes  a  dull  red  heat,  even  a  lo«ver  heat  than 
thftt  ivhieh  couimcuces  its  fusion  when  alone,  the  nickel 
buntJt  out  into  a  fine  scarlet  glow,  fuses  and  spreads  over  the 
antimony  in  a  bcJiutiful  tluid  state,  and  insinuates  itself  into 
tho  porcii  of  that  metal,  rendering  the  whole  muss  soft  like 
pasto  or  butter.  If,  whilst  in  this  state,  the  cn»cible  be  re- 
moved from  tho  fire  and  peniiitted  to  cool  gradually,  the  frac- 
tare  of  tho  button  of  this  alloy,  when  bi-ohen,  is  of  a  much 
bghter  colour  tlian  that  of  antimony.  It  is  of  a  light  grey, 
and  viTy  imperfectly  crystallized.     It  is  not  so  brittle  as 
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antimony,  though  still  pulverable  in  a  mortar.    AVhen  one- 
fourth  of  the  iiuiHa  in  nickel,  the  fracture  ia  very  compact,  and 
not  unlike  that  of  finu  BtccI,  but  of  a  lighter  colour.     With 
these  proportions  tlie  alloy  is  somewluit  mftlleable,  and  cao, 
be  cut  by  n  cold  chiicel. 

65.  From  a  retrospection  of  tho  facta  developed  by  thel 
rcAcarelicii,  in  connection  with  those  previously  koown,  ytv^ 
■TO  led  to  obscrrc  a  material  difference  in  the  magnetic  cha- 
racters of  bodies  when  in  their  simplest  or  natural  condi- 
tions ;  and  that  these  natural  magnetic  characters  become 
considerably  modified  when  tho  simple  or  elementary  bodies 
are  varionsly  combined ;  some  simple  bodies  losing  their  natu* 
ml  magnetic  proportios,  and  others  displaying  a  new  magne- 
tic action  of  whidi,  before  combination,  tlicy  appeared  to  bo 
destitute.     Under  these  circumi^tanccs,  it  would  be  diflieut^| 
to  ascertain  the  line  of  demarcation  between  tho&e  bodicB 
that  are  naturally  and  separately  magnetic,  and  those  that^ 
are  net.    Probably  the  safest  way  would  be  to  allow  all  bodis^f 
to  possess  more  or  less  of  the  magnetic  character,  and  to 
classify  them  into  tho«c  that  are  palpably  magnetic,  like  ij-ODj 
and  niclcel,  and  those  that  arc  but  obscurely  magnetic, 
whose  magnetism  is  not  detectable  in  their  individual  stAtci 
but  wbicli  become  magnetic  by  combination. 

66.  Provisionally,  therefore,  we  might  venture  to  call  the 
former  class  Sapho*  ma$nelics,  and  the  latter  class  Atapho\ 
maffneliet. 

67.  Sap/io-mngnelicn  might  be  conveniently  subdivided  inJ 
to  Mono*  wa^ncficg  and  A*«no§  magnetics,  according  as  tlioj 
consiat  of  individual  or  of  compound  bodies.  Then,  as  w( 
have  many  bodies  which  counteract  the  highest  magnetic 
powers  of  simple  bodies,  these  might  be  called  Kato-i^ 
Keiic»,\  because  many  of  them,  if  not  all,  have  the  powe 
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of  complete!}-  neutraluiDg  the  mngoetic  actions  of  otlier 
bodieR. 

68.  Tlie  Mono-ma^neticB  at  present  known  arc  but  fetr  in 
number,  iron  being  tiio  grand  type.  Next  to  iron  in  nickel. 
Cobalt  lit  also  a  mono-magnetic  body,  and,  at  presenti  com- 
pletes tbe  list  of  this  class  of  magnetics. 

69.  In  the  Svntt-magnefle  class  I  place  alloys  of  copper  and 
silver,  copper  and  gold,  and  copper  and  zinc  ;  and  altliough 
these  three  are  the  only  ones  with  which  we  are  acquainted. 
I  have  no  doubt  that  many  more  alloys  will  soon  6ud  a  plwo 
among  auno-magnetica. 

70.  Tlie  Kato-ma^Heties  are  very  numerous,  as  this  class 
includes  all  bodies  wbich,  by  combination,  impair  the  mag- 
netism of  other  bodies.  Amongst  the  metallic  K<ao-ma^- 
netie«,  lanc  ia  the  most  powerful  hitherto  ascertniuod.  Next 
tozinc  is  antimony.  Then  leadand  tin.  Ai'seniL-,  probably, 
staodit  very  high  in  tlii»i  class,  but  I  have  bad  no  vpportunity 
of  ascertiuning  its  proper  place.  The  non-metallic  Kato-mag' 
HetUe  are  sulphur,  oxygen,  cyanogen,  chlorine,  carbon,  and 
the  generality  of  those  bodies  which  combine  with  the  metals. 

71>  In  proposing  Uus  classification  of  magnetics,  I  have 
Of]  at  nothing  fui-thi^r  than  an  abstrat-t  of  that  which  ab* 

.utely  takes  place  in  naturL-.  The  whole  rests  upon  fact»i 
mOHt  of  which  have  their  analo^es  in  electricity.  All  bodies 
arc  known  to  possess  electric  properties,  but  diSering  in  dt- 
greefl  of  power,  and  the  componmls  display  very  diiferent 
electric  powers  to  those  of  the  simple  consUtuents.  The 
electro-magnetic  powers  differ  in  different  bodies,  both  simple 
and  compound,  as  decidedly  as  the  powers  which  are  purely 
electric.  Therefore,  this  classification  may  be  considei'cd  as 
supplying  a  small  portion  of  an  extensive  nomenclature  that 
has  long  been  wanting  in  this  region  of  science. 
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Tiwt/fh  Letter  OM  OlacUrt.     Addretted  to  Profetwr  Jameton. 
Hy  Professor  J.  B.  FoaBE«,' 

On  tht  Ei^traordiiiary  Increatt   of  the    Olacifr    of  La 
JiraiVit  from  184*2  to  184ti— «f/JVo(ion — Ej^«yim&iUiun,\ 
crudt  r«ijxeti»y  (A«  Ori-ji»  of  th«  "  Vtined  StrMetwrt."  ! 

Mt  DEAn  Srn, — In  contimifttion  of  the  resntta  of  my  re- 
cent journey,  of  which  I  cotnnmnlcatcd  n  jMirt  in  in}'  Klevcntli 
Letter,  I  shall  first  give  Borac  account  of  tho  (ihcnomcna 
observeil  on  a  fresh  visit  to  the  gliic-icr  of  Lft  Bronvn,  on  tho 
south  side  of  Mont  BIiuic.    Having  undertaken  the  journey  i 
from  Chnniouni  to  Coiirmayeur  and  back,  for  the  solo  pur^j 
pt>»c  of  examining  anew  this  glacier  and  that  of  Miage  (o 
which  I  have  already  pven  a  full  account  in  the  touth  chap-] 
ter  of  my  Travets  in  the  Alps  of  Savoi/,  &c-),  I  thought  iny-1 
aelf  fortunate  in  obtaining  Momc  important  and  unexpected 
observations,  as  well  as  in  again  meetiiig  M.  CaiTel,  cniioa  j 
of  Aoste,  who,  in  company  with  M.  L'Egliso,  canon  of  thft] 
Great  St  Bernard,  very  kindly  made  a  visit  to  Coui-mayeur,  ■ 
on  purpose  to  join  me,  and  afterwards  accompanied  me  upoa 
the  glaciers. 

Upon  arriving  opposite  to  the  glacier  of  La  Brenva,  on  the] 
eth  August  last,  in  descending  from  the  Col  do  la  Seigne,  t\ 
was  fu'st  struck  hy  the  surprising  extension  of  volume  which 
it  had  undergone  since  my  last  visit  in  1842.     This  will  be 
understood  by  a  comparison  of  the  limit  of  the  glacier  in  1842, 
as  sketched  in  the  plan  No.  II.,  opposite  to  page  193  of  the 
first  edition  of  my  Travels,  and  reproduced  iu  I'lato  XL,  fig.  1,  [ 
accompanying  this  paper,  and  ttie  line  of  its  extension  inj 
1846,  marked  by  a  dotted  line  in  the  samu  figure.   I  wish  it  toJ 
be  understood  that  the  sketches  in  question  being  only  takcaj 
by  the  eye,  have  no  pretension  to  exact  accuracy,  but  fortu- 
nately the  land-marki*  are  sufficiently  distinct  to  prevent  tbej 
least  dubiety.     Thus,  for  example,  the  hay  or  hollow  oppo- ' 
site  to  C  in  the  sketch,  and  wbicli  was  drawn,  in  1S42,  as 
filled  with  the  old  moraine  of  1818,  was  filled  up  with  icel 
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very  nearly,  if  not  quite,  to  the  level  of  tliat  morainp,  bo  aa 
to  follow  the  natural  ctirve  of  the  aoil,  which  it  everywhcro 
tuuohed,  presenting  a  steep  wall  of  nearly  uubroken  ice, 
70  feet  in  height,  facing  the  batik.  Agnin,  opposite  to 
Uie  remarkable  chapel  of  Noire  Dame  de  la  Gw-risoH,  of 
which  I  hftve  given  an  ncconTit  in  my  Travels,  with  the  his- 
tory of  its  inraaion  and  ruin  by  the  progi-ess  of  the  ice  in 
1818,  the  ice  lias  risen  agaioBt  the  piMJecting  rock,  beucatit 
tlie  old  larch  tree  (seen  in  Plate  IV.  of  my  Travels,  and  in 
Plate  1.,  fig.  1,  accompanying  this  paper),  and  Becros  to 
threaten  the  security  of  the  path,  in  the  same  manner  as  it 
did  at  that  time.  "Tlie  height  of  tliia  rock,"  I  stated  in 
1842,  "  in  now  about  300  foot;"  in  August  1846  it  was 
scarcely  mori>  than  100  I  and  ax  tbt;  glacier  towerud  up  to  a 
great  height  beyond,  it  had  all  the  appearance  of  menai-ing 
tlic  pathway,  and  once  more  tearing  up  the  limestone  rock. 
But  this  will  be  still  more  distinctly  conceived  by  referring  to 
Plate  L,  flgurea  1  and  2,  which  shew  the  size  of  the  glacier 
in  1846  conti'aiitcd  mth  tJic  view  of  1842.  Both  these  ^kek'hos 
were  taken  from  tlio  same  spot  (marked  A  on  the  gi'ound  plan^, 
anda«  Ihadnot,'onthelatteroccaaioQ,  my  former  drtiwiug for 
coropai'ifion,  the  evidence  of  the  inci-ense  is  the  more  striking, 
and  the  accuracy  of  outline  of  the  fixed  parts  of  the  land- 
■eape  is  coniirmed.  The  increase  of  height  and  length  of 
the  glacier,  as  well  as  its  hreadtb.  is  here  well  mai'kod.  In 
consequence  of  this  great  accumulation  of  ice  (accompanied, 
probably,  by  an  increased  velocity  of  motion),  the  surface 
of  the  glacier  ia  exceedingly  crevassed,  in  some  places  even 
divided  into  pinnacles,  and,  generally,  incapable  of  being 
trarersvd  without  great  difficulty,  altliough,  in  1842, 1  could 
have  walked  over  it  in  almost  every  direction. 

The  cau»c  of  this  very  surprising  increase  ia  a  general 
one,  since  mo»t  of  the  glaciers  whi<;h  have  been  i-ocently  ex- 
amined, present  it  in  a  more  or  less  striking  degi'ee  ;  for  in- 
stance, the  Glaciers  des  IJois  and  Bossons,  in  the  valley  of 
Cluunoani.*  The  cause  ia  no  doubt  to  be  sought  partly  in  the 


•  A  Tery  twiking  evidence  of  thin  (■1ibiij;u  hxs  Demurred  at  Chsmouni.     The 
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grcAi  fiUl  of  snow  of  the  two  winters  1843-4  ftacl  1&44-5,  and 
the  cold  tret  summers  which  followed  them.  The  immediate 
cfltict  of  the  Rnow  is  to  protect  the  ice  and  <limiiii!th  the  luintul 

'oblAtioD.  Hence  the  glaeier  shoot:*  further  intu  the  riMty 
heforc  the  wnate  aufficen  to  equalir.e  tiic  supply,  lii  th«  cold 
itpring  Aud  stimnier  of  1845,  thifi  eRcct  iip[i««r»(  to  luive  bc«ii 
moat  eunHpScuuttis  ftft  appears  frum  the  decisive  observations 
of  Italmat,  which  1  have  elsewhere  published-t    The  swollen 

yConditioii  of  the  Mer  de  Glnco  of  ChomouD!  in  1816,  waa 
■hewn  hythe  fact,  that,  in  spite  of  the  iDt«Dse  and  continued 
heat,  it  was  much  higher  opposite  to  the  Angle  in  the  middle 
of  Atigii^t.  than  it  was  in  June  1S12,  most  of  the  marks 
which  I  tlieii  made,  fur  the  pui'pose  of  eatiinatiiig  the  pro-^ 
gresH  of  the  glacier,  being  covered  by  the  moraine  at  tlic  latf  H 
tiT  period.  The  exti-emity  of  all  the  glaciers  of  which  I  hove 
obtainol  iufovmtition,  was  advancing  towards  the  valley  du- 
ring the  summer  of  18i6 ;  and  tJiis  was  even  accelerated  by 
tlie  great  heat  of  the  season.  For  though  it  must  increase 
tlie  ablation  of  the  surface,  and  the  melting  of  the  termiual 

'  face,  and  thus  diminisli  tlio  mass  of  ice,  its  immediate  effect 
is  to  fuse  the  glacier  into  a  state  of  pliancy,  such  as  to  ia- 
crease  its  motion  in  a  very  perceptible  manner  (as  I  have  cs- 
tnblished  by  direct  experiment),  and  thus  discharging  its  icy 
burden  into  the  valley  faster  than  even  the  increased  atmo- 
spheric heat  is  capable  of  diasolving  it,  it  spreads  with  a  ve- 
locity which,  if  it  could  be  supposed  continual,  could  not  fail 
to  be  alarming.  Thus  it  appears,  from  certain  obsei'vatioiis 
made  at  the  desire  of  M.  Cari'el,  by  M,  Guicbarda,  vicar  at 
Courniayeur,  that  the  snout  or  extremity  of  the  glacier  of 
J^  lirenva,  has  protruded  into  the  valley  no  less  than  22 
metres,  or  about  60  feet  during  the  two  moutlia  of  summer, 
being  at  the  rate  of  afoot  a  day.  The  result  of  this  advance 
is,  that  the  glacier  is  rapidly  attaining  the  old  moraine  of 


I 
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Boil  at  iu  terminiitlon,  escapsa  cbiofly  at  a.  niitdi  bigticr  level,  aad  formed,  ;a  | 
1846,  a  striking  cusoaile  on  the  west  bWo  of  the  ghtier,  np»rly  opposite  to  lh»  ' 
Clupeau.    A  auniliLr  Dccurr«nce  ii  said  to  haye  bappcacd  about  30  ysan  ago. 
t  I'lill.  Tnaa.,  ISlS,  p.  1S3. 
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1818  in  the  bottom  of  the  valley,  from  which  it  is  noW  ouly 
about  100  yards  distant  (see  the  Plan,  Plate  II..  fig.  1), 
whilst  it  is  tearing  or  plotigliing  up  the  soil  on  tJie  southern 
bank,  marked  in  Plato  I.,  lit;.  2,  on  the  left  liaml  t«i(Ie. 

The  same  g«nt1eman,  M.  Guichardji,  hjis  hiin^Hlf  mnde, 
with  consid«ru,hIe  hibuut-,  observatioim  intended  to  teiit  tlie 
reality  of  the  movement  of  the  gUcier  duT-ing  winter,  whicli 
conlimi,  in  evoi^  particular,  those  which  I  have  already  pub- 
lished regarding  the  ghiciers  of  Chamouui.  The  aiavemeat 
appears  to  be  very  i"egular ;  but>  from  the  poitittoit  selected 
for  the  measurement  (the  terminal  face  of  the  glacier),  wbei-e 
the  friction  ia  most  intense,  and  the  movement  slow  (seo 
BlvTfiith  Letter),  and  where  the  danger  from  fallinp  stones 
i»  snch  as  absolutely  to  prevent  the  continuance  of  observa- 
tions  daring  summer,  they  are  less  comparable  and  complete 
tban  would  otherwise  have  been  thu  cusp.  Kiii'ing  explain- 
ed fully  to  MM.  Carrel  and  Guichorda  my  methods  of  ob- 
serving, and  pointed  out  a  more  convenient  site,  we  may 
hope  that  we  shall  liave  a  continuous  series  of  trustworthy 
observations  of  this  most  interesting  glacier.  In  the  mean- 
time I  publish,  with  M.  C^n-el's  pei-uiissionj  the  degreo  of 
motion  of  a  stake  fixed  in  the  ice,  near  the  lowest  extremity 
flf  the  glacier,  and  little  elevated  above  the  soil. 

IMC.  h.  U.  Motlun.  Daily  Mntru. 

Nov.  V5.       9i     10     Nov.  28,  IJ  042    metres.         0-13 

-■    38,       ij     to     Dec.     1,  IJ  (>m       ...  0-13 

Dec.     X,       IJ     to     Dec.  11,  ISJ  1-187     ■■■  0-113 

184G. 

...     11,     12}     to     Jnn.     7.  2  383       ...  0-12 

lue. 
iva.    7,      S      t«     .       30.    llj     1-735     ..,  0073 

...    30,     12       to     Feb.     »,     12       1-58       ...  0-15 

•  ■  « 

Mbt.  31,       1       to     Apr.     •!.     10       1-18       ■■•  0-10 

The  mean  daily  motion  is  about  6  English  inches,  and  it 
i*  probable,  from  the  discrepancy  of  tlic  6th  and  t>th  observa- 
tions, that  the  measurement  of  the  30th  January  was  faulty. 

VOL.  XLII.  HO.  LXXXIII. — JANCART  1847.  6 
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If  tbU  be  HO,  the  general  uniformity,  oa  veil  w  smollness 
the  motion,  isaccounted  for  bv  the  important  retardation dn 
to  frietjon." 

lu  the  ftbiienc«  of  ftii  exact  geometrical  plan  of  the  glacierd 
il  wiM  important  to  prvnerve  twme  accurate  record  of  its  ex- 
toneion  at  tbc  time  of  my  visit  in  August  1S40,  which  was 
done  in  the  following  manner : — The  theodolite  Htatiouod  at 
the  point  B,  Plate  II.,  figs.  1  and  4,  tliat  i»,  on  i\  pro- 
nontory  of  limestone  u  little  to  the  wcat  of  the  chjipcl 
Kdtre  Dame,  attd  cIohc  to  the  path  from  Courmayeiir  to  th4 
AU^  Blanche.     It  is  also  57  feet  to  the  eastnord  of  the  old] 
larch  seen  in  the  yiews,  Plate  I.      From  this  point,  the 
(which  cannot  readily  he  niislAken),  the  telescope  of  the 
the<Hlo1i(e  was  directed  upon  tlie  steeple  of  the  little  church 
of  tjitreves,  the  axinmtli  marked  (286^),  and  the  telescopsfl 
wa«  exactly  levelh^d,     It  was  then  turned  iu  axiiauth  (Iro- 
eing  out  the  horizoutul  plane),  until  it  cut  the  contour  of  thft. 


i(«ftii«ii 




1 
I 


glacier  of  La.  Bronva,  nrhich  v/aa  ut  an  azimuth  of  U 
The  ditterence  ofazimutli  101  J"-     It  is  plain  that  if  tlic 
cier  advances  bodily  into  the  valley  tliia  angle  will  diminish ; 
if  it  retreats,  the  angle  will  increase.     Farther,  from  thofl 
same  station,  B,  the  elevation  of  the  highest  part  of  the 
front  of  the  glacier,  where  it  crosses  the  valley,  was  11°  37'. 


*  It  U  to  b«  noted,  tbkt  (III!  wlvnncn  of  tliu  gUoivr  of  00  U*\  In  Wo  nont 
DMiiioDDd  ill  pikgo  06,  U  not  tbc  mollon  of  u  juxni  iii  thu  i«(t,  Lut  tli«  (ir 
truflon  of  iho  front  ft  tbs  gUoior  >n«r  Uio  cfTcat  du«  to  noltiug  bM  bion  lie 
ducUd. 
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To  fix  tJte  poiiition  of  the  lowest  point  of  the  glacier  in  the 
TftUoy,  a  line  joining  the  vault  of  ioe  fi-om  u-biuU  the  rivsr 
Doire  iitiiuctt,  and  the  door  of  the  chapel  of  Notre  Dame  (ob- 
served from  below),  runs  S.  42°  W.  magnetic. 

On  the  wtiolc,  the  observations  of  this  year  on  the  sur- 
priaing  extension  of  this  glacier  during  the  short  space  of 
four  years  under  the  influence  of  meteorological  circnm- 
stances,  peculiai*  no  doubt,  but  scarcely  anomalous,  coufina 
amply  the  remarks  which  I  formerly  made  (Travels,  p;  206), 
«i  the  great  extension  which  it  underwent  in  1818.  Were 
t]ie  climate  of  the  years  1844  and  1815  to  become  perma- 
nent) the  increase  of  all  glaciers  would  evidently  bo  enor- 
mous. In  fact',  a  more  turbid  nnd  cloudy  iitnioBpfacre,  with 
sa  incmsflo  of  the  usual  precipitations,  would  suffice  to  tn- 
cr«a«o  glaciers  to  almost  any  extent ;  a  great  degree  of  dry 
eetd  would  not  produce  the  desired  effect  (viz.,  an  exten- 
aioD  which  would  account  for  the  erratic  phenomenon),  a 
temperate  climate  beine  most  favourable  to  the  growth, 
especially  the  progi-ession,  of  gWiers.  ^ 

Veintd  Structure.     Glurier  of  La  lirenva.  \ 

I  must  now  praceed  to  notice  an  observation  of  a  very  in- 
i^reatJng  kind  which  my  visit  of  1846  to  this  glacier  enablecl 
ni«  to  make,  and  uhich  seems  ])ei-feutly  conclusive  as  to  the 
truth  of  the  explanation  which  I  have  elsewhere  given  of 
the  origin  of  the  veined  ati-ucture,  so  important  to  tlie  cor- 
rect t]ieory  of  glacier  motion.  The  present  appears  to  me 
to  be  an  experimentum  cnicU ;  I  can  only  hope  that  it  may 
remain  in  existence  long  enough  to  convince  all  those  who 
have  any  remaining  doubts  on  the  subject. 

The  glaciei-  of  La  Bi-enva  is  distinguiHhed  by  the  beauty 
of  its  structure,  I  have  described  it  in  niy  Travels,  p.  202, 
and  endeavoured  to  represent  it  in  Plate  V.  of  tliat  work. 
This  WAS  as  it  existed  in  1&42.  But  now  tliat  the  ice  has 
risen  up  against  the  pi-omontory  U  (Plate  IJ.,  tig.  1),  an<}4l 
baa  filled  up  the  bay  C,  the  structure  opposite  to  B  bas  be-  ^ 
oome  developed  in  tlie  most  remarkable  and  bcjiutii'ul  man- 
ner.    The  plates  of  green  and  white  ice  altcrouting  in  tlie 
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directtoQ  of  Uie  lines  B  D,  not  c1oim>  to  the  foot  of  the  rock 
at  U,  but  at  a  little  diatancc,  thv  reins  £  D  ruaning  in  tlw 


direction  of  the  declivity  of  the  glacier,  and  beginning  to  be 
developed  at  B,  becoming  more  and  more  so  towards  D, 
where  they  form  a  tangent  to  a  awelUng  Biirl'aco  of  rock, 
vlioite  resistance  evidently  givea  li&e  to  thent.  It  Beema 
cleAi*  that  all  the  ice  withio  the  line  F  E  D,  or  Itetwoen  it 
and  the  shore  iCSD  is  emfniyed,  ah  it  were,  and  has  but 
little  motion,  in  consequence  of  tlic  intense  pressure  with 
which  the  wtiole  mass  of  the  glacier  is  urged  against  the  aide 
of  the  valley ;  but  as  the  glacier  is  finally  compelled  to  move 
in  the  direction  of  the  declivity  from  E  towards  D,  a  longi- 
tudinal tearing  force  arises  parallel  to  E  D,  and  the  motion 
is  facilitated  by  the  formation  of  the  veined  structure  already 
mentioned,  for  of  longitudinal  crevasses  tliere  are  abgolutcfy 
none.  Such  crevasses  as  there  are,  are  traitttfrte  to  the  Mm 
bands,  shewing  the  usual  direction  of  the  tearing  force  due  to 
the  lateral  friction.     But  they  are  small  and  isolated. 

Now,  in  this  case,  ilie  development  of  the  structure  is  evi- 
dently due  to  the  pi-pjection  at  Din  contact  with  which  it 
terminates,  and  though  the  ^vIlolo  glacier  in  more  or  less 
structured  in  the  manner  described  and  figured  in  my  former 
work,  this  remarlf.able  development  gradually  ceases  about 
El  where  the  I'ush  of  the  ico-current  past  the  promontory  B 
has  ceased  to  exert  so  palpable  an  efl'ect.  I  can  positively 
state  that  no  such  unusual  development  of  the  structure  oc- 
curred opposite  to  B  in  1842,  and,  for  this  r^a^on,  that  tlie 
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glacier  lyinj;  tlicn  more  in  the  trough  of  the  vallvy,  not  being 
violently  pressed  ai^ainst  the  promontory  B  and  embayed  in 
the  height  C,  the  friction  and  lon/iptiidiiial  tearing  force  waa 
incomparably  less.  1  wish  I  could  convey  any  adequate  idea 
of  the  beauty  of  the  tee  for  an  extent  of  some  hundred  feet 
in  length,  and  for  a  comparatively  trifling  breadth  between 
D  and  E.  It  resembled  the  groeniah  veined  marble  called 
by  the  Italians  Cipollino.  when  of  the  highest  perfection, 
and  polished  or  wetted  ;  and  it  was  impossible  to  resist  the 
wish  to  carry  off  slabs,  and  to  perpetuate  it  by  hand  speci- 
mens in  cabinets. 

I  did  not,  however,  content  myself  witli  arguing  the  rula- 
tive  motions  of  the  parts  of  the  icc  and  embayinsof  the  rest, 
from  the  mere  configuration  of  the  ground.  But  I  made  the 
following  experiments,  which  proved  that  my  flrst  belief  was 
correct. 

The  instrument  being  stationed  at  B,  and  a  transverse 
Yisua]  line  established  with  reference  to  an  object  oo  the 
fartlicr  side  of  the  glacier,  two  vertical  holes  were  made 
at  (1)  and  (2),  the  first  on  the  netvrer,  the  second  on  tiie 
farther  side  of  the  remarkable  veined  structure  already  de- 
scribed. If  that  structure  was  occasioned,  as  I  suspected, 
by  the  rapidity  with  wliich  the  fartheiyiortion  of  the  tee  was 
moved  past  the  nearer  portion,  such  difference  of  velocity 
might  be  expected  to  be  observed  in  a  marked  manner.  The 
mark  (I)  was  about  50  feet  from  the  nearest  edge  of  the 
glacier,  and  103  feet  below  the  station  B.  The  mark  (2) 
waa  about  1"0  feet  fartJier  and  60  feet  higher.  An  approxi- 
mate section  of  this  part  of  the  glacier,  together  with  the 
measurements  on  which  it  is  founded,  is  given  in  Plate  II., 
fig.  4,  and  will  serve  to  compare  tlte  state  of  matters  at  any 
future  time.  The  following  Table  gives  the  result  of  the 
notions  for  two  days : — ■ 
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No.  (I.) 

K*  (E.> 
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IlilUr. 

Inrli, 

intt>. 

iMh. 

incli. 

Angwt  d. 

9}  K.V. 

5'7 

15-75 

3-26 

U-54 

...     9. 

"i 

_    ...   10. 

7 

9-7 

w-zs 

i-M 

13-M 

1 

1 

SlIBM,' 

»'4 

27-0 

Umm,    4-90 

14-2 

tonaeqnentlj-  tho  volocity  of  motimt  had  ineroMed  in  U»e 
space  of  170  fuct  trarcr-Hcd  by  tiie  veiaed  strnctare,  in  the 
rutio  of  no  IvBS  than  29  ia  10. 

1  also  exuniincd  tliv  condition  of  motion  of  the  embayt-d 
ice  in  the  ]>o8ition  C  on  the  Gi'Oimd  plan,  of  which  n  section 
(on  a,  8cnU'  much  larger  than  the  last)  in  given  in  fig  8- 
It  is  made  through  the  visual  line,  or  in  the  direction  0,  C  2 
of  t]ie  plan.  Two  pius  wei-c  fixed  at  C  1  by  excavating  » 
nich«  in  Uie  nearly  vortical  face  of  ice  ;  one  was  placed  ver- 
tically, the  other  horiaontnlly.  AtC2,  40  feet  higher  and 
69  feet  more  diniant,  a  vertical  pin  was  placed.  The  diagonal 
fi-o:n  C  to  C  !  was  also  accurately  measured  with  a  line. 
Misv  more  than  24  hours  inten-al  it  was  found  that  the  two 
marks  at  C  1  had  not  moved  towards  the  right  hand,  or  in 
tlie  direction  of  motioa  of  the  glacier  by  the  xmaUeMl  percep- 
tible quantity  ;  and  that  mark  C  2  had  adrnnoed  by  only  a 
Bmall  fraction  of  an  indi  (0-2) ;  but  on  the  other  hand  the 
vertical  pin  at  0  I  had  approached  the  station  C  by  two  inckei  ; 
ahcwing  that  the  motion  \%  here  entirely  directed  outteardt 
tintt  Hpivariis  against  the  bank  at  C,  erarlli/  as  an  ht/drottatie 
pretiure  acti»s  on  a  plastic  mass  would  occasion.  The  result 
was  the  more  interesting  because  it  was  altogether  nnex- 
peettd.  It  had  not  occurred  to  me  that  the  embaying  of  tlie 
ice  could  be  bo  complete  as  to  leave  no  appi-cciable  effect 
due  to  the  drag  of  the  central  icc  in  the  dii-ection  of  the  de- 
clivity. 

The  precise  analogy  of  the  phenomena  now  described  to 
what  obtain  when  the  motion  of  a  stream  of  water  is  inter- 
rupted by  lateral  obstacles,  will  suggest  itself  to  almost 
every  one ;  but  to  take  an  illustration  which  is  not  imaginary, 
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I  bare  giTen,  in  the  annexcil  figure,  it  !«k«tch  of  whnt  occurs 
in  the  conrse  of  the  river  Rhone  at  the  briJgc  near  Sierre. 


The  coiime  of  the  current  is  indicntcd  by  tJio  arrows,  the  pier 
of  the  bridge  li  embays  the  watci-  nt  f,  where  it  is  whirled  about 
by  the  tangential  action  of  the  cuiTont  but  doc«  nut  escape, 
e  wavy  lines  e  il  indicate  the  ripjilc  produced  by  the  friction 
tlie  central  paot  the  lateral  portionn  of  the  ttti-eam,  the  diB- 
bancc  from  which  is  propagated  towards  the  aliore  in  the 
waves/.  All  tJiat  is  here  described  may  be  still  better  seen 
in  a  sloggish  strenm,  nnd  if  it  be  covered  with  any  kind  of 
scum,  it  will  be  torn  up  into  longitudinal  shreds  between  r 
and  d  cxnetly  eorrcKpondlng  to  the  position  of  tho  icy  bands. 
Tbe  nature  of  the  force  producing  tbeti«  lincH  of  Bciini  is  also 
well  sliewn  by  the  rotntory  motion  ncjuircd  by  any  floating 
^tclieK  of  foam,  which  is  always  in  a  direction  forwards 
«od  towai-da  the  side  of  tbe  stream  to  which  it  ih  nearest ; 
thus,  in  tho  preceding  figure,  it  would  be  in  tbe  direction  of 
the  hands  of  a  watch.     I  r«iDuin,  my  dear  Sir,  youre  very 

Jamks  d.  Forbes. 

Kmnvaoit,  2Uh  October  18t6. 


Erratum. — In  Uir  Kl'>«uili   Letlcr,  In  Iho  ltd.  riill.  Journal  fiir  October, 
f.4Sl,  UmIS. 
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^ote  on  eerlaiH  dttacked  Itocki  in  Barbadoet,  and  oh  the 
Formaliot*  of  Agaric  Mineral.  By  JOHK  Davt,  M.D.| 
F.R.S..  London  imil  Ediaburj^i,  Ini«]H'otoi--Genorftl  of 
Anny  IIuHpiUtU.     CummunicnU'd  by  tbu  Autliur. 
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Amongst  the  more  strikine  objects  which  attract  thcatien- 
Uou  of  the  inciuiring  traveller  in  Barbadoea,  tniky  bo  men- 
tioned tlie  great  maHtten  of  detached  rock  of  coral  and  shell 
liinc<itone  which  occur  disperaed  here  and  there,  chiefly  in 
it«  nui'th-cnst.crn  part, — a  part  which,  as  regards  its  strata, 
may  be  c-onsidi;red  aiinlugonA  either  to  the  old  red  sandstone, 
or,  at  Ifttoxt,  to  the  new  red  sandstone  formation;  and  which, 
as  I  have  alretuly  pointt?d  out  :ti  n  former  communication,  ia 
remarkably  contrasted  with  Itio  other  and  greater  portion  of 
the  iriliLud,  and  1  may  now  ixld,  with  thoi^e  ma«RC8  of  rock 
that  mitylMj  held  torepreaent  this  portion.  Betwoen  the  two 
parts  there  is  a  limitary  line  of  inland  vXiS,  similar  in  its 
Bti'ucturo  to  the  detached  rocks.  It  is  generally  supposed 
that  thcBo  mnsaes  are  derived  from  the  elifl',  broken  off,  and 
somehow  removed  to  the  spots  where  tJiey  are  now  found. 
That  this  ih  their  history  in  many  instances  can  hardly  be 
doubted  ;  as  whore  thoy  are  met  with  under  tlio  cliff,  oi'  ercn 
at  the  distance  of  two  or  three  miles,  where  an  inclined  plane 
intervenes.  But  there  are  other  sites  on  which  they  are  to 
be  seen,  to  which  such  an  explanation  is  hardly  applicablei 
—as  on  rising  grounds  and  Inlls,  with  hoUou-s  and  valleys 
intervening,  ovw  which,  by  the  mere  force  of  gravity  in  fall- 
ing, they  never  could  have  passed, — leading  to  one  of  two  ■ 
conclusions,  either  that  the  valleys  referred  to  have  been 
formed  since  the  detached  masses  were  separated,  or  tliat 
other  causes  have  been  in  action  besides  those  presumed  in 
the  foi-egoing  supposition,  but  of  what  kind,  whether  glacior 
or  volcanic,  it  may  he  diflicult  to  determine. 

These  detached  rocks  are  commonly  covered  with  wild 
plants,  and,  in  eunsequence,  with  their  .steep  sides  and  often 
castellated  forms,  have  a  very  picturesque  appe^irance  in  the 
loodacape,  especially  contracted,  asi  ia  often  the  cuse,  with 
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the  uniform  surfaces  of  rich  augar-csne  cnltivalJoD  by  vrbioh 
they  are  surrounded.  In  two  or  three  inntances  tliey  are 
found  (111  the  sea-nhore ;  and  there,  na  doubt  owing  to  the 
intliienco  of  the  copious  salt  cpray  from  the  wnvea  which 
break  ngninRt  them,  or  near  them,  they  are  ah  rcmarkablo 
for  their  tiakedneHs. 

On  the  sea-shore  in  the  parish  of  St  Josepli,  near  the  out- 
let of  a  rivulet  called  "  Joe*s  River,"  is  one  of  iheso  masses. 
It  may  be  about  fifty  or  sixty  feot  hish.  I  paced  it,  and 
found  itit  circumference  at  its  base  to  be  seventy-three  of  my 
ordinary  paces,  or  about  one  hundred  and  nine  feet.  When 
tho  (ido,  wliich  rises  hei-e  from  two  to  three  feet  in  perpen- 
dicular height,  \»  high,  it  is  suirounded  by  the  sea  ;  and  it 
bears  oti  its  base  seaward,  diuiiiiishiug  from  thcnco,  land- 
ward, the  impress  of  the  action  of  tho  waves,  in  tlie  manner 
in  whicli  it  is  worn  awjty.  On  the  land-side  the  effect  is  most 
trifling;  but  on  the  sea-side  it  is  so  considerable,  as  to  form 
there  an  ovurlianging  roof,  grailwally  heightening  to  a  certain 
line  from  the  base,  under  which  I  could  stand  erect,  and  so 
regularly  worn,  that  were  the  rate  of  eon-osion  for  a  certain 
period  ascertained,  the  length  of  time  it  had  been  so  acted  on 
by  the  wavea  might  be  determined  probably  with  some  pre- 
cision. 

A  single  shrub  grows  on  it,  on  its  landwai-d  side,  where 
most  sheltered  from  the  sea  spray.  On  its  south-eastern 
side,  where,  in  some  shallow  cavities  and  lissnres  there  ia 
an  oozing  of  water  (derived,  no  doubt,  from  rain  falling  on 
the  surface  above),  a  mucor  is  thei-e  foiind,  in  part  green,  in 
part  blackish,  where  least  exposed  to  the  direct  rays  of  the 
eun,  mixed  whith  a  wite  mattei'  having  the  character  of  the 
agaric  mineral  of  mineralogists. 

This  last  mentiniieJ  substance  is  of  a  pure  opaque  white; 
when  dry  it  is  light,  and  easily  broken  and  crumbly.  Under 
the  microscope  (prepared  by  being  cmshed  on  glass  mixed 
with  ft  little  water)  its  powder  exhibits  aggregate  globular 
masses,  and  particles  nearly  globular  in  form,  varying  fmm 
alwut  tAs  cf  an  inch  in  diameter  to  jjg  ;  somewhat  resem- 
bliDg,  in  appearance,  certain  compound  organic  globules, 
frequently  met  with  in  the  lungs  after  inflammatioit,  and  in 
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oUiOT  inBamed  parts :  and  tfatM  pr«s«ntinc,  as  it  were,  a  linl 
in  this  reaemblanco  between  inor^^onic  and  organic  nutaro. 
Ch«inically  cuaminei],  it  waa  found  to  consist  chiefly  of  car- 
bonate of  lime,  with  a  little  uu-bonato  of  mafpiosia,  and 
traoe  of  silica  and  vegctablo  matter. 

The  likfiicMS  of  tht»  ttubMance  to  agaric  mineral  has  led 
me  to  coqjecturt)  that  th<r  agaric  mineral  itaelf  may  owe  iU 
origin  to  the  tiamc  cauaes  or  circumstances  oa  this  Hubstanoe* 
which  I  bi'licrc  tn  h<^  the  deposition  of  cKrbonate  of  lime  on 
a  low  fonn  of  ve<^tnti<)ii.  hucIi  an  muvor,  iUtelf  prone  to  d«- 
com[K>sttion,  and  probiibl}-  yielding  a  porUon  of  earimnnte  of 
lime,  and  it  niay  bo  the  wliolu  of  the  eartwnatc  of  mngnoaia, 
and  the  silica  in  the  proeees  of  ilceomimsition.  A  portion  of 
the  green  mucor  that  I  (Ictnched,  and  brought  away,  I  (bu 
on  exposure  to  the  sun,  to  bvcomc  white,  which  may  nceoun 
for  the  perfect  wbitencs*  of  the  incrustation,  though  contain 
ing  a  minute  portion  of  vegetable  matter.  The  presence  of 
this  vegetable  matter  may  be  a  modifying  circumstance  in 
relation  to  the  light  and  crumbly  state  of  the  deposttion,  and 
its  peculiar  ctpiicture.  1  found  that  when  it  waa  acted  on  by 
a  dilute  acid,  the  itolution  furmed  contained  a  litUe  of  tluc 
natter,  indicated  by  a  ffrecnish  hue  bctn;^  im;>arte<d  on  ibe 
addition  of  ammonia;  am),  farther,  that  \vh<>n  the  lime  waft 
thrown  down  in  the  fnrm  of  carbonate  by  the  addition 
aeBqui.«arb(Hiiite  of  ammonia,  it  did  not  adhere  to  the  side  of 
the  glans  vetntel,  or  to  a  glass  rod,  as  it  usually  does,  and  on 
examination  by  the  niicroficnpc  it  was  fotnid  to  be  in  globul 
particleit  varying  in  diameter  from  si,\,n  to  taSnt  of  an  inch. 

In  »  fonner  paper"  1  have  noticed  the  fact,  tliat  the  prO' 
sence  of  some  vegetable  nmtter  in  soltitjon  has  prevented  tlie^ 
separation,  in  tlie  form  of  crystals,  of  u  very  eryfitallizable 
Bait, — the  double  phosphate  of  magnesia  luid  ammonia,  and 
have  rcfen'od  to  it  in  explanation  of  the  amorphoHR  state 
in  which  urinary  calculi  often  occur.  The  wime  tact  may 
apply  to  carbonate  of  lime  in  other  instances  thim  the  one 
aboTe  mentioned ;  and  if  we  suppose  lliat  tlic  substance 
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chalk  lias  been  deposited  from  solutionss  and  that  the  flaid 
'from  wbifJi  it  bag  been  precipitated  contJiincd  some  matter 
that  had  iieen  orgnnixed  diRsoIvcd  in  it,  it  may  htlp  to  ac- 
count for  tJtc  peculiar  form  of  ohalk,  which,  in  its  structure, 
is  an  approach  to  a^ric  mineral.  This  idea  I  venture  to 
propose  as  a  conjecture  on  an  obscuru  subject.  I  have  en- 
deavoured to  test  it  by  precipitating  lime,  as  a  carbonate, 
from  solutions  with  which  an  infusion  of  sonic  vegetable  or 
animal  substance  had  been  mixed ;  but  the  results  have  been 
ambi^ous,— sonic  apparently  in  accordance  with  the  notion, 
•ome  contrary  to  it.  Some  fju,-t>>,  which  are  well  Itnown,  may 
b«  adduced  as  s«eming  to  favour  it.  The  cleanest  sand,  most 
free  from  iinpui-itiei«,  is  reciuircd  t"  make  the  strongest  mor- 
tar. The  carbonate  of  iime  of  scit-wati-r  is  not  found  to  be 
deposited  on  marine  vegetables,  nor  on  shores  where  there 
are  impuritie:*  hmuglit  down  from  the  land  by  streams — 
abappy  circunjstance.  allowing  of  their  dispersion— but  on 
coasts,  and  in  situations  where  the  water  is  clearest,  and 
the  Band  cleanest,  and  where  the  wavea  break  with  the 
greatest  violence, — all  circumstances,  I  believe,  favourable, 
botji  to  the  deposition  of  carbonate  of  lime,  by  the  separation 
of  ita  solvent  carbonic  acid,  and  to  its  erj'stallixation,  and 
tliercby  to  its  cementing  quality.  In  the  puper  already  re- 
ferred to,  in  which  some  ccmcuts  of  carbonate  of  linic,  of  un- 
usual purity,  found  in  aneient  building's,  arc  mentioned,  of 
cltolk-likc  softness  and  texliu-c,  the  opinion  is  hiuanled,  that 
thai  cbftlk-like  condition  may  have  been  owing  to  the  purity 
of  the  material ;  and  considering  that  calcnreotijt  mortars, 
without  sand,  consist,  in  the  firgt  instance,  of  hydrate  of 
lime  in  its  solid  state,  its  particles  being  granular  (so  they 
appear  under  the  microscope),  may  favour  an  amorphous 
rather  than  a  erystalline  formation  of  carbonate  of  lime ; 
whilst  the  reverse  may  be  the  case,  and  would  seem  to  be  so, 
when  carbonate  of  lime  is  deposited,  pure  and  unmixed,  from 
a  solution.  And  the  traces  of  organiitctl  matter  which  arc 
found  commonly  in  cballi,  either  distinctly  in  the  remains  of 
the  gilicious  skeletons  of  infusoi-io,  or,  indistinctly,  m  its  ac- 
quiring a  greyish  hue  when  heated  to  a  certain  degree,  which 
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it  l08e»,  if  Uie  heat,  with  exponure  to  the  lur,  1)e  longer  con- 
tinued, may  b«  mentioned,  in  ui]<iiiion,  in  favour  of  Uie  cod- 
jeclMre  of  the  modifying  power  of  such  matter  (of  low  organ- 
ization X)  on  carbonate  of  lime,  lending  to  prevent  ita  ory^ 
tollization,  and  to  iniiiart  to  it  tliu  vhAlk-liko  character. 

Babbadobs,  XovHth4r  6,  ISM. 


OfiWVfttiont  on  Ihf  Ettent  trnd  Rale  of  Chanfft*  of  Tempera- 
ture of  the  Wafrr*  in  the  Kuluarte*  of  Ike  Mertey  and  Clyde. 
By  Mr  Ritchib  Adie  of  Liverpool.  Communicatud  by 
the  Author, 


The  observations  here  detailed  are  a  continunlioit  of  thol 
given  in  vol.  x\.,  p.  307  of  this  Joui-nal,  with  tlie  Ht'itiong,  tJii 
means  employed  in  taking  the  temperatures,  and  the  time? 
exactly  tJie  same  as  before  deacnbeJ.     The  present  addiUoa 
will  now  extend  tiiem  tbroogh  winter  and  anmmer  seasona 
of  a  more  oppositu  L'haraeter  than  is  nsiially  to  be  mi»t  witli 
in  a  much  longer  pt-riod  of  time.     For  the  winter  uf  1844-5     i 
was  b  proti'acted  and  severe  one ;  the  summer  of  1845  wo^H 
gOD«riUly  cloudy  and  cold ;  then  the  winter  following,  1845-6,^ 
was  mild  and  open,  while  the  summer  just  gone  waa  one  o£^ 
the  warmest  eKperienced  for  many  years;  and,  indeed, 
cold  of  the  early  part  of  March  1845,  and  tJie  heat  succe 
ing  it  in  fifteen  niontb»  aft«^r,  namely,  midsummer  1846)  maj 
be  taken  as  tlie  two  extremes  uf  our  i.<l(mAte. 
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walor  miiged  from  /  *"'^ "  *""' 

Unnji  ...     Dt  tliG  beginning  of  the  ingatb,  47-1 

lowiini*  the  end,         .  .  43*! 

April  ....  .  .  ,     43-7  to  49- 

May  ...  ...  50'3  to  SS-I 

June  ....  .  .  80'    to  69' 

July  ...  ...  02.5ti»C3-J 

Angost        ....  .  .  67*5  to  63*! 

SepUolMr  ...  ...  64.4  to  59-! 

Octobtr       ....  .  .  6»'    to  43-( 
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The  highost  tumpcratiirc  of  the  water  of  the  Mersey  wak 
observed  on  2l8t  Jane,  when  it  reached  <I9' ;  for  same  days 
it  slowly  H{)pro:tchi'd  this  temiiernture,  wlnlc  the  air  Jii  the 
shude  was  varying,  at  the  hum*  uf  ii»  maximum,  I'rom  78^  to 
80^1  with  little  or  do  wititL  Od  the  34th  June,  with  a  mo- 
derate WKW.  wind,  tlie  water  liad  fallen  to  666,  shewing 
a  rate  of  change  of  0-8  pei"  day  from  tin;  maximum  Bummt-r 
heat.  When  the  spring-winter  of  1845  brolce  np,  tuward* 
the  end  of  Mftrch,  the  rate  of  change  was  V  per  day,  which 
muBt  be  loolicd  on  am  quite  the  extreme;  forthrotigh  the 
sultry  weather  of  the  past  summer,  1  have  had  guod  oppor- 
ttmitice  of  observing  the  rates  of  change  of  tciaperatnfe, 
which,  for  several  days  taken  together,  often  came  iieai"  08 
per  day,  hut  never  exceeded  that  quantity.  In  the  green- 
ooloured  and  more  transparent  water  of  t)ie  Irish  sea,  out- 
»de  the  estuary,  tlie  temperature  was  63°  at  the  time  tliat 
the  tidal  waters  whteli  pass  and  repass  before  the  doek-wall 
of  the  port  were  69".  Id  tbe  fresh-water  ponds  in  fields 
around  Liverpool,  a  similar  difference  existed  between  those 
shaded  by  foliage  and  those  open  to  tlie  aky, — the  shaded 
ones  corresponding  in  temperature  to  the  waters  outside  of 
the  estuai-y,  the  open  ponds  to  the  water  among  the  banks. 

In  tbo  Cly^,  Kcnrlj-  op]iotite  the  entrance  to  Loch  Long,  on 

30th.  Smta,  tlie  lemjiEiTBture  wu  •              SV& 

6th  July          ...             ,.,         .  ,    62- 

Iflth  Sc].t.        ...             ...  .              G6'i 

Lusa,     I3th ...        .  .   61-5 

IBth ...  .              68-5 

Brodick  Bay.  15th    ■.-         ...            ...        .  .   Ci-3 

IStli ...  •              60- 

IDth     ...         .  61* 


The  oirctnnstances  attending  the  rapid  change  noted  be- 
tween the  30th  .lune  and  tith  July,  deserve  to  be  noticed,  for 
the  heat  of  the  weather  had  no  part  in  it.  From  the  end  of 
Jtmo  till  tJie  5Ui  of  July  the  sky  was  ntostly  overcast,  with 
heavy  ahowers  at  intervals,  and  the  temperatwe  so  much  be- 
low what  it  had  been  in  June,  that  there  was  no  reason  for 
mppoaing  tJiat  the  deep  waters  of  this  part  of  tbe  estuary 
(void  he  much  changed  in  temperature  by  radiation.  Tbe 
ri»e  of  Ti'^  was  due  to  a  thunder-storm  which  extended  over 
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Clydesdale  on  the  aft«moon  of  the  5th,  and  inomiopf  of  the 
Otb  ;  daring  the  nhort  npacc  of  fifteen  hourx,  rain  n-aa  depo- 
sited on  the  soil  to  n  de])th  of  2  inches  ;  in  contcquence  of 
which,  every  streani  mid  rivulet  was  swollen  to  the  fnllcst 
extent.     These  speedily  changed  the  eftltiary  witter  from  its 
nsnal   transparent    appearance,   into   an   opaqafl,   dull-re 
muddy  hue,  and  produced  tlie  increase  of  tempcriittiro  over] 
large  surface, — »  result,  arising  from  n  stomi,  which  it 
probalile  tliat  a  week  or  a  fortnight  of  the  most  brilliant 
summer  sun  could  not  have  efffote'l ;  for  the  observation  on 
30th  Juno  only  exceoded  by  half  a  degree  that  of  the  pre- 
vious snmroer,  while  the  Mersey  vrater  was  considerat 
warmer  than  the  hottest  period  of  1845. 

On  comparing  the  greatest  temperatures  of  the  two 
summers  it  will  be  seen,  that  this  year,  although  tJie  rat 
range  higher  from  June  to  September,  by  the  end  of  October 
the  influence  of  the  ivarmer  reason  had  lost  its  eSect  on  tt 
temperature  of  the  Mersey  water,  which  was  then  doiva  to  ; 
point  a  little  bulow  the  coldest  of  October  1845. 

In  niy  former  communication  I  alluded  to  the  appearunc 
of  luminouM  crested  waves  being  connected  with  tbc  chemtj 
cal  action  of  the  water  absorbing  osygen  at  tlie  moment 
breaking.     In  Broiliclc  Bay,  in  Arran,  during  the  calm,  hazj 
weather  of  the  third  week  of  September,  I  noticed  an  appear- 
ance on  the  surface  of  the  water  which  tends  to  streugthe^f 
this  view,  although  I  would  by  no  means  wiah  to  state  it  aa^ 
the  sole  source  of  luminous  waves,  when  it  is  so  well  ascer- 
tained that  many  of  tlie  marine  animalculie  can  emit  pho 
phoroscont  light. 

In  Brodick,  the  weather  had  been  very  calm  for  some  day: 
the  temperature  of  the  water  on  the  liSth,  16th,  and  17th,  w 
61^.     During  the  16tlj,  the  sea  bad  a  glassy  surfece,  and  so 
transparent,  that  objects  at  the  deptli  of  10  or  12  feet  wcr»^ 
seen  distinctly.     In  the  morning  and  eveuing,  1  observed  oto^ 
the  shore,  at  two  places  above  a  nule  apart,  that  where  any 
object  broke  tJio  smooth  surface  of  the  sea,  there  appeared 
to  be  a  mixing  together  of  two  transpareut  media  of  difiicrent 
densities ; .  where  a  projecting  piece  of  rock,  by  the  tidal 
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roQt,  produced  a  eligbt  motion  amoDg  the  particles,  it  was 
seen  dietinctlj*;  it  was  also  very  apparent  when  the  surface 
«f  the  water  was  struck  with  the  hand,  MTieii  the  hot  air 
from  a  chimney  mLtcs  with  th«  coIJfr  atmosphere,  or  when 
two  transparent  flwids^of  different  densities  are  mingled  to- 
gether, the  same  change  is  seen ;  and  there  could  be  uo  douht 
whatever,  that  at  the  time  in  i[Cie!ition,  there  were  two  films 
of  water,  of  diffcri'ut  densities,  which  were  mixi-d  when  the 
sarfiico  was  bi-okcn.  Wliat  occasioned  these  two  strata  of 
water  I  am  not  [jreparcd  to  sjicnk  of ;  hut  should  foi-tlicr  ob- 
tervations  in  otlier  localities  wliere  tJie  water  is  clciir  and 
occasionally  very  smooth,  shew  that  this  is  a  gencriU,  and 
not  a  rai'e  or  partial  stiitu  of  tlii'  stirfat^c  of  sea  water,  it  ap- 
pears to  me  to  ho  cstreniely  probable,  that  luminous  crested 
waves  by  night  accompany  like  eouditiona. 

About  the  time  I  was  engaged  with  these  uhserratious,  I 
met  with  an  amusing  instance  of  the  belief,  among  Keit-faring 
men,  of  the  power  of  the  moon's  raj's  to  dispel  thin  fogs.  I 
had  remarked  to  the  look-out  man  on  the  gangway  of  a 
steamboat,  that  I  supposed  the  thin  fog  then  resting  on  the 
snrfiice  of  the  sea  had  boou  troubling  them  for  the  last  eight 
or  ten  days !  He  answered  it  had.  Then,  I  suppose  by  night 
it  troubles  you  the  most  t  "  Yes,  Sir,  but  tJie  moon  lias  all 
the  time  been  shining  very  strong,  and  she  scratches  it  up 
prettj-  well."  This  belief  in  the  influence  of  the  lunai-  rays 
oYer  thin  vapours,  is  <j[uite  in  accoiilance  with  what  I  have 
often  heard  uf  from  sailors ;  and  now  that  M.  Melloni  haa 
clearly  eatabliaUed  the  faet  of  a  calorific  power  in  the  rays 
from  the  moon,  it  becomes  interesting  fo  ini|uu"e,  whether  or 
not  this  popular  observation  has  ton-ectly  anticipated  the 
CATcful  rcscarehcEi  of  men  of  scieDcc. 


(    «3    ) 


TAe  tmimlriai  Arts  of  ike  Et^uimaui.     By  RicitAUD  KiKC 
M.D.*    ConimuuicaU-d  by  tlic  Etiiiiological  Society. 

Of  Ui«  iuduHtriul  nrto  of  the  Esqniinaux,  ttioir  liubitations,^ 
to  construction  and  variety  of  muterial,  display,  perfaapn,  the 
.greateM  iii<^(.tiiiiiiy.  Tlieir  liiinting  grounds  ext«iid  about 
'  lixty  iiiilvr*  iiilum),  but  Uii-ii-  dwelling!*  are  almont  inrnriably 
nuitcd  iimr  tho  MJi-shorc,  and  arc  vitlu^r  jiermanciit  or  tem- 
porary, tli«  obamct.er  of  then)  <lepending  upon  the  locaUty, 
and  the  matcrinl  at  tltc  workman's  diiipottal.  But  even  tliose 
who  have  fixod  ilwullings  leave  them  in  the  summer  for  tents 
suited  to  th«ir  migratory  hubit&.  In  GreenUind,  the  pcmiAnont 
house  is  buitt  with  stonon,  and  turf  ah  a  xubHtitute  for  mortar. 
U  is  a  low  hilt,  not  more  than  two  oi-  thref;  yards  high,  with  n 
fiat  rcK>f  of  wood  and  turf.  It  ha»  neither  door  nor  chioiDoy, 
the  use  of  both  being  supplied  by  a  vaulted  paaaagc,  iniulc  of 
stone  and  cai-th,  i^ixtccn  or  eighteen  feet  long,  communica- 
ting with  the  middle  of  the  house.  The  flour  is  divided  intdfl 
apartmonts,  resembling  home-stnlls.  by  skins  reaehing  ft^tnl 
the  jiosta  that  support  tho  roof  to  the  wall-  Each  family 
has  its  Sfparatu  room,  and  each  i*oom,  in  front,  a  window 
of  seiil-sktu  pai-fh  tiieiit,  wliich  is  white  and  transpai'ent,  and 
tlic  ceiling  nnd  walU  are  lined  with  the  same  matcnul.  In 
the  room  beneath  the  window,  attached  to  tho  whole  length 
of  the  wall,  is  a  deal  bench,  raised  half  a  yard  from  the 
ground,  and  reserved,  as  we  do  best  rooms,  for  visitora.  A^ 
similar  bench  is  attached  to  the  back  wall  of  the  room  fo^| 
the  use  of  the  family,  tho  bedding  ccnsi^tting  of  rein-deer 
skins.  These  benches  are  also  used  as  sofas  by  day.  tho. 
women  sitting  in  the  rwir  cross-legged  like  tftilors,  and  th< 
men  in  front  in  Hie  sitting  position  of  civilized  life. 

In  Gilbert.  Sound,  instead  of  the  walls  being  formed 
stone,  John  Davis  informs  us  they  are  made  of  wood;  while  i 
Regent  Bay.  according  to  Sir  John  Ross,  stone-built  houses 
are  used,  and  the  roof,  instead  of  being  flat,  is  arched,  and  the  • 
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floor  sank  three  feet  in  the  earth,  a  deHcriptiun  which  exactly 
■DBvrers  for  the  babitntiona  of  the  KHquimtinx  of  Lahrador. 
From  tJie  Coppermine  river  along  the  coast  westward,  and 
thence  to  IVinco  William  Sonnd,  the  winter  houses  are  huiit 
of  drift-wooJ,  which  is  found  along  the  whole  route  in  more 
or  loss  abundance.  At  Norton  Soand,  a  sloping  roof  without 
sny  Bide  walls  characterises  the  building,  and  instcail  of  raised 
benches,  the  floor  is  foraied  of  logs,  the  entrance  being  at  one 
end,  Willi  a  fireplace  just  within  it,  and  a  small  hole  for  the 
escape  of  auioke.  Fi'oni  Norton  Sound  to  Point  Barrow,  the 
houses  vaiy  in  their  construction  according  to  the  nature  of 
the  ground  and  the  taste  of  the  inhabitants.  Some  are 
wholly  above  ground,  somu  have  the  roof  scarcely  raised  above 
it,  and  others  resemble  those  of  the  natives  of  Norton  and 
Pi'iac*  William  Sounds,  but  they  all  agree  in  being  con- 
Btructcd  with  di-ift-wood  covered  witli  peat,  and  in  having 
tlie  light  admitted  through  a  parchment  window  iu  the  roof. 

Tlicy  arc  very  comfortable  abodes,  and  now  and  then  of 
coDsiderRblo  size  ;  one  situutod  between  the  MaekcnKio  and 
Coppermine  rivers,  was  in  tlie  interior  found  to  be  a  square  of 
twenty-aeven  feet,  having  the  log  roof  supported  on  two  tttrong 
ridge  poles,  two  feet  apart,  and  resting  upon  four  upright 
posts  ;  the  floor,  formed  of  split  logs,  dressed  and  laid  with 
great  care,  was  sun-otinded  by  a  raised  bordui-  about  three 
feet  wide,  intended  for  seats ;  the  walls,  three  feet  wide,  were 
inclined  out»'ard.-i  for  the  convenience  of  leaning  the  bock 
Ogainut  them,  and  the  accent  to  the  door,  which  was  on  the 
souUi  Bide,  was  formed  of  logs ;  the  outside,  covered  with 
earth,  luid  nearly  a  hemispherical  form,  and  around  iltt  base 
wi-rc  arranged  the  sknlls  of  tweuty-one  whiiles.  There  was 
a  Hcjuare  hole  in  the  roof,  and  the  centre  log  of  the  Hoor  had 
a  buin-shaped  cavity,  one  foot  in  diameter,  probably  intended 
for  a.  lump. 

The  most  extraordinary  houses  are  those  constructed  <rf 
the  bones  of  whales,  walruses,  and  other  animals.  Sir 
MartJQ  Frobiahei*  lirst  makes  mention  of  these  dwellings  as 
existing  at  Labrador,  and  Sir  Edward  PaiTy  and  Captain 
Lyon  afterwards  found  them  in  use  at  Melville  Teninsula  and 
Igloolik.    They  are  built  circular,  and  of  a  dome-liko  form, 
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ilie  Itm'er  part  or  foundntion  b«inj;  of  ntoncs,  tmA  the  rett  of 
1)onc5,  graduully  incliniDf;  iuwiirds,  und  meeting  ftt  Uie  top; 
the  orffTicoa,  as  well  aa  tho  whole  of  th«  outsiJo,  nr«  covore^fl 
with  torf,  which,  witJi  the  additionnl  coating  of  show  in  tli^^ 
winter,  serves  uioHt  offcctuiilly  to  i-xcluile  the  «oI<l  air ;  thoy 
are  about  seventeen  or  oiglitccn  fvot  at  th«  basot  and  about 
nine  teei  in  height ;  the  entmncc  is  towards  the  soutli.  and 
connints  of  a  passage  ten  feet  long,  and  not  more  than  two  in 
height  and  breadth,  built  of  Bat  slabs  of  stone,  and  external 
covered  like  the  hut ;  the  beds,  which  arc  raised,  by  ntones,  t 
feel  from  the  ground,  occupy,  at  the  inner  oml,  about  ono* 
third  of  the  apartinr'nt.  NeAr  the  huts  when  they  were 
corercd  were  Jarp-  tutnnli,  formerly  dwellings,  but  then  boU 
SlOSK-covon'd  mnundfi. 

AltJioii^h  during  winter  the  Esquimaux  generally  occu 
permatifnt   dwellings,   it   not  nnf'i-equently  liappens,   fro 
Bcareity  of  provision  or  some  other  galamity,  that  it  is  neec 
aary  for  them  before  spring  ari-irea  to  Beck  a  new  horn 
When  we  consider  the  low  temperature  of  the  country,  that 
in  many  parts  it  is  cteatltute  of  wood  even  for  fuel ;  that  the 
fixed  habitations  being  cemented  together  by  frost  cannot  be 
reraoved,  and  that  the  summer  tents,  fi-ora  their  constnio 
tioii,  are  not  wilculatcd  to  rpsist  the  cold,  we  are  at  first  led 
to  suppose  that,  if  ih-iven  at  the  inclement  season  from  his 
accustomed  haunts,  death  must  soon  elose  the  sulTerings 
the  poor  inhabitant  of  the  North  Pole.     But  this  ts  fiirfi-o: 
being  the  case,  fur  these  ingenious  pi.'uple  have  learnt  ta 
convert  snow  into  building  materials,  by  which  means  they 
can  raise  an  establiishment  for  their  families  in  a  few  hours 
an  establishment  which,  from  the  purity  of  the  material 
which  it  is  composed,  the  elegance  of  its  construction,  and  th 
transluceney  of  its  walls,  gives  it  an  appearance  far  siipcrioP' 
to  a  marble  building.     "  One  may  survey  it,"  we  are  told,, 
"  with  feelings  somewhat  akin  to  those  produced  by  the  con- 
templation of  a  Grecian  temple  reared  by  Phidias  ;  both 
triumphs  of  art  inimitable  of  their  kind."" 


'n^H 
ta^ 


*  Vnoklin'i  Firtt  Jgurnaj. 


Dr  King  an  the  Induatriat  Aria  of  ihe  Etqiimaus.    US 

Haring  ncIccUtd  a  spcit  wbore  the  ^ow  is  sufllcicntly  com- 
pact, tho  >rorkinca  cotnmonoe  hj  traciug  out  A  cii'clu  of  fruin 
eight  to  fifteen  feet  iti  diameter,  proiwrtloned  to  tlic  number 
of  occupants  tlie  liut  ia  to  contain,  and  tlittn  prepivrc  a  iiiim1>cr 
of  oblong  alaba  of  snow,  six  indies  deep  mi<l  two  fi-ot  long, 
wliicli  are  tenacioun  cnougb  to  admit  of  b'eing  moved  wittiDUt 
breAking,  or  oven  losinir  the  sluLq)nL'M.'4  of  their  angltii.  Tbeae 
BlftbB,  which  have  a  slight  degi'c-e  of  curvature  correnpoiidiiig 
with  the  circular  foundation,  are  piled  upau  cacli  other  vsticUy 
hke  courses  of  hewn  stone,  and  care  is  token  to  make  theui 
fit  closely  to  each  other  by  running  a  knife  adroitly  along  tlio 
under  pftrt  oud  Btdes,  and  to  cut  them  so  as  to  give  the  wall 
»  »ligbt  inclination  inwards.  Tier  after  tier  is  thus  laid  on 
by  one  man  standing  within  the  wall,  who  is  suppliod  with 
material  by  one  or  more  (i3»iKtant«  from  without;  but  for  the 
Irotter  convenience  of  transmitting  thii^  supply,  when  tJic  wall 
lios  attained  a  height  of  live  or  six  feet-,  a  bole  is  cut  on  the 
south  side  close  to  the  gruund.  Thus  be  eootinucA  labouring 
till  he  haa  brought  the  sides  nearly  to  meet  in  a  pei-fect  and 
well  constructod  dome,  HOmctimesninoortonfeet  high,  which 
tie  takes  particular  care  in  fiiiishing.  by  fitting  the  Iniit  block 
or  key-stone  very  nicely  in  the  centre.  The  people  outBide 
are  in  the  mean  time  occupied  in  thi-owing  np  snow  with  the 
Miow-shovel,  and  ittufliug  it  in  whet's  ho!e»i  hnvc  been  acci- 
dentally left.  The  buildei'  next  proceed))  to  let  himself  out 
by  eDlorging  the  hole  on  tbe  south  side  in  the  form  of  a 
Ciothic  orcb,  intended  as  a  doui'way  tlux-e  feet  high  and  two 
and  a  half  feet  wide  at  the  bottom,  communicating  with  which 
he  constructs  two  paaBages  about  twelve  feet  long  and  five 
bigb,  the  lowest  being  that  next  the  hut.  The  i-oofs  of  these 
passages  are  sometimes  arched,  but  more  genemtly  flat, 
by  slabs  laid  on  borizontnlly,  and  the  workmen  select  the 
building  material  principally  from  tbe  spot  where  the  paa- 
iages  are  to  be  made,  which  purjiosely  brings  that  paH  con- 
siderably lower  than  that  of  tbe  hut. 

Tho  work  just  desci-ibed  completcut  tho  walld  of  ii  liul,  if  a 
single  apartment  only  be  reciuired  :  but  if,  on  account  of  re- 
lationship or  froui  any  other  cause,  several  familioH  ore  to 
rcHide  under  one  roof,  the  passagi-s  ai-c  made  CQinuion  to  all, 
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and  the  iu-at  apnrtment,  in  that  coito  made  smaller,  fom<i 
kind  of  anto-chamber,  from  which  the  cntrnDCC  is  through  an 
arched  doorway,  five  foot  high,  into  the  inhabited  apartincn 
Wlieii  (hoi'o  lire  ihwx:  nf  t)ic«c,  which  is  gcnorally  the  casi 
llie  \tli(;li.'  htiildtiig,  ivitli  it^  adjacent  passages,  forms  a  tol 
nbly  rcj;iil.ir  cross.     For  t}ic  admission  of  liji;ht,  a  round  bo! 
is  cut  on  one  .tide  of  tlio  roof  of  vach  apartment,  and  a  circ 
htr  plate  of  fresh  ivatcr  ice,  throe  or  four  inches  thick 
two  feet  in  diameter,  let  into  it.*    The  li^ht  is.sofl  and  plei 
sunt,  like  that  transmitted  through  ground  glasfl,  and  is  qui 
sufficient  for  every  purpose.     If  fresh  water  ice  U  not  witlii, 
I'cach,  melted  nnow  is  poured  into  a  vessel  and  thus  frozi 
into  a  transparent  plate.t     The  next  thing  is  to  raise  a  ba; 
of  ttnow  two  fcetsi\  inclies  liigb.  around  the  interior  of  cai 
apai-tnicnt,  whicKforms  the  bed  and  fire  place,  the  former 
cupying  the  sides  and  the  latter  the  end  opposite  the  door. 
One  miglit  walk  completely  over  them  mthout  suspecting  the 
little  hive  of  human  beings  that  is  comfortably  established 
below;  but  this,  however,  is  not  always  done  with  impunit; 
when  the  thawing  within  has  too  raueh  weakened  tlie  roo 
in  wliich  case  a  leg  sometimes  makes  its  way  through,  to  thi 
no  small  terror  of  the  inmates :  for,  when  these  edlRces  b' 
come  surrounded  by  snow  drift,  it  ia  only  by  the  windo 
tliat  they  can  be  recognised  as  human  habitations. 

The  beds  are  arranged  by  covering  the  snow  with  layers 
small  stones,  of  paddles,  tent-pole.'',  ftnJ  pieces  of  net-work, 
mado  of  thin  slips  of  whalebone,  or  t^vigs  of  birch  and  deorr 
ekins,  a  bod  capable  of  affording  not  merely  comfort  but  lu 
urious  repose,  in  spito  of  the  rigour  of  the  climate. 

With  the  lamps  lighted  and  the  hut  full  uf  people  and  dog, 
a  thermometer  placed  on  the  net  over  the  fire  indicates 
temperature  of  38°  Fahr. ;  wlien  removed  two  or  three  fd 
from  this  situation  it  falls  to  32",  and  placed  close  to  the  wal 
stands  at  2;^,  tha  temperature  of  the  open  air  at  the  time 
being  25°  below  zero.     A  gi'eator  degree  of  warmth  than  this, 
produces  extreme  inconvenience  by  the  dropping  from  the 
roofs,  which  is  prevented  by  applying  a  little  piece  of  snow 
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to  the  place  from  wliich  tlio  drop  proceeds.  By  molting  nod 
frceEiDg  altemately,  iimmnemlile  icicles  arc  fomieJ  ou  the 
snow  walls,  wliicli  reflect  the  light  like  radiant  diftraonds.* 
Although  tliis  is  very  beiiutiful.  it  is  a  source  of  great  trotihle 
to  the  ioliabitaiits,  nliose  lungs  become  a^ected  from  repeated 
colds  and  coughs.  For  this  reason,  altliougli  the  liouse.^  are 
formed  of  8lK)^v,  cooluess  is  the  object  always  kept  in  view  ; 
And  from  the  tuexhaustlhlc  building  materials  always  at 
liAnd,  but  little  time  and  labour  is  required  to  efTect  any  al- 
t«TatJona  or  additions  that  may  be  requisite  for  the  purpose, 
AS  cxempliiied  in  the  instance  of  a  native  of  Regent  Inlet 
who  had  closed  in  his  root'  withiu  45  minutes. + 

Tiic  interior  appearance  of  these  habitations  is  rendered 
nore  beautiful  when  tliey  are  situated  on  the  ice,  which, 
being  cleared  of  snow,  presents  a  flooring  of  that  splendid 
Mne,  which  is  perhaps  one  of  tlie  richest  colours  in  nature. 
If  it  should  happen  that  the  family  is  increased  by  bu-ths  or 
by  the  system  of  adoption  in  use  amongst  them,  thoy  have 
to  enlarge  their  bntldings,  which  they  effect  by  adding  another 
apartment,  or  by  building  a  more  roomy  house  over  tlio  old 
one,  and  as  it  were  concentric  with  it ;  and  when  completed 
tlie  old  one  is  removed  from  withiu.  The  natives  of  the  River 
Clyde  were  found  by  Sir  Edward  Parry  inhabiting  a  hut 
partly  excayated  from  a  bank  facing  the  sea,  and  the  rest 
built  round  with  stone  ;  a  Himilar  hut  is  figured  in  Mr  Ellis's 
work ;  and  Captain  Cai-twright  informs  us,  that  the  winter 
babitutions  of  the  natives  of  Jjabrador  arc  hollowed  out  of  a 
drift  bank  of  snow  io  the  form  of  iin  oven. 

Equal  in  beauty  to  the  Enow-house  is  that  constructed  of 
frcsli-water  ice.  The  material  is  collected  in  largo  transpa- 
rent  slabs,  arranged  in  an  octagonal  fonn,  and  the  roof  formed 
of  walrus  skin  or  snow.  These  dwellings  are  so  transparent 
that  even  at  some  paces  distance  it  is  possible  to  distiugtiiith 
tiiosc  who  stand  within  them  ;  yet  they  are  so  completely  air- 
tight as  to  be  perfectly  warm.t 

In  regard  to  dress  the  Esquimaux,  in  design  and  executiou, 
may  vie  with  the  world,  and  the  chilized  traveller  would  do 
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well  to  take  a  Iciuioit  I'roiu  Mxcak  **  children  of  Uie  chase,''  f>i^| 
the  moat  accom[)liishcil   furrifr  Hiiikit  insigniikaiiUy  befoi-e 
Uicm,  Hv  taetc-rully  urc  the  rarioiui  coloured  aluua  of  tti^^ 
country  worked  by  thcut  into  urticlcs  of  appucL    Thus  ih«^ 
dark  aod  mottled  fui-  ot'  thv  hvaI  U  phic«d  in  tlic  centre  of 
tlie  back  or  broast  of  the  dress,  while  the  liglitcr  shitdes  are 
on  tbe  aides  ;  in  tiie  sleeves  the  fore  and  back  piece  arc-  ofleo 
of  two  colours,  and  the  cufitt  of  a  different  bae,  each  of 
uamerons  varieties  of  seal  uffordiog  a  peculiar  skin,  whic 
enables  thecn  to  arrange  tlie  roost  opposite  and  glossy  colou 
In  til0  same  habit ;  and  at  tlie  parts  of  the  body  where  it 
iiccoBBiin,-  to  have  proti-ction  from  cold  Uiero  are  no  seams,* 
therefore  uq  crannieB  for  the  oiiti-y  of  the  weather.     In  order,_ 
however,  to  unfold  and  fully  appreciate  the  ingenuity  of  thq 
people  in  tlii»  respect,  the  dress  must  be  turned  inside  out 
and  pcrHunally  inspected. 

The  coats  are  of  throe  kinds,  one  for  the  winter,  or 
for  the  »itnuner,  and  one  as  an  over-all  in  wet  wcathcri 
and  in  Hhapc  somewhat  i-esemble  a  shirt  without  its  front 
opening,  with  a  large  hood  attached,  which  ii>  drani)  ovc 
the  heud  at  pleasure.      This  is  bordered  with  the  whit 
fur  of  the  deer,  and  thus  presents  a  lively  contmst  to  th 
dork  face  which  it  encirciea.     The  front  or  belly  pai-t 
the  coat  is  cut  off  aqoaro  with  the  upper  part  of  the  legs  j 
but  behind,  it  Ih  formed  into  a  broad  »kirt,  rounded  at  thql 
lower  end,  which  reaches  to  within  a  few  incheii  of  the  ground* 
Many  of  the  jackets,  and  particnlarly  those  of  the  females 
arc  lined  with  the  skins  of  hii-ds.*     The  lower  edges  .-uid  taul* 
of  the  dresses  are  in  some  cases  bordered  witli  bands  of  fur. 
of  an  opposite  colour  to  the  body,  and  it  is  a  favoui'ite  or 
ment  to  hang  n  fringe  of  little  ittrips  of  sicin  beneath 
border,  which  has  a  very  pleasing  appearance.     The  hood 
the  eoat  worn  by  the  women  is  comparatively  of  immena 
size,  which,  as  well  as  a  covering  for  the  head,  answers  tli© 
pui-pose  of  «n  infant's  cradle  for  two  or  throe  year.s.     At  the 
shoulders  is  a  wide  bag-like  space  to  affoi-d  room  for  the 
child,  and  to  facilitate  its  removal  from  the  hood  to  tlio  breast 
without  tidtiug  it  out  of  the  jacket,t  ("id  in  front,  instead  o£j 
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being  itquaro,  it  t«i-n)ioate»  in  a  i-ounded  projection  wliich 
extends  about  halfway  donn  the  leg.  The  dillerenoe  between 
the  aammei*  and  winter  ooat  generally  consists  in  the  one  being 
formed  of  seal  and  the  latter  of  rein-deer  skin ;  but  every 
varie^  of  fui-  is  occasionally  worn ;  for  instance,  at  Frioce 
William  Sound,  the  natives  were  found  by  Captain  Cook 
wcat-ing  sea-otter,  fox,  racoon,  martin,  seal,  aud  water-fowl 
Kktns,  the  former  being  most  common.  At  ScWsmaretF  Inlet, 
Ihe  skin  of  the  rein-deer  and  dog  was  t!ie  prevailing  material ; 
at  Regent  Inlet,  that  of  the  Polar  bear :  at  llegent  Bay,  both 
of  the  bear  and  the  dog;  and  at  Melville  Peninsula,  of  the 
rein-deer  only. 

The  over-all  coat  tei-med  Kamlaita,  which  answers  moat 
effectuuliy  the  purpoHes  of  a  "  Machintosh,"  is  very  iugeoi- 
ottsiy  made  of  seal  or  walrus-gut,  or  parchment  skin  cut  into 
strips  of  an  inch  broad,  and  most  skilfully  sewed  t4>getbcr. 
It  effectually  protects  the  fur  clothes  from  rain  or  sea-spray. 
According  to  Kgede,  it]  is  wom  by  the  natives  of  Green- 
land between  two  jackets ;  and  Ellis,  by  the  inhabitants  of 
the  SaTagc  Islands  next  the  skin.  The  breeches  of  fur,  tied 
tightly  round  the  loinit,  reach  a  little  below  the  knee,  and 
hang  loosely  over  the  bootii,  which  in  the  feet  nre  utoceasiu-' 
fashioned ;  botli  articles  of  tlress  being  composeil  of  roin-deur 
skin  in  winter,  and  seal-akin  in  suinnier,- — the  latter  soled 
with  the  tougli  hide  of  the  walrua,  \o  protect  tliem  fi-om  the 
rough  ground.  As  with  the  jacket,  so  with  the  boots  worn  by 
the  women ;  thoy  are  made  to  suit  the  wearerB'  particular  oc- 
cupations, and  itre,  without  dispute,  the  most  extraordinary 
part  of  their  ciiuipment.  They  are  8o  large  as  iu  resemble-  lea- 
ther sacks,  and  give  a  most  deformed,  and,  at  the  same  time, 
ludicrous  appearance  to  the  whole  figure,  llie  bulky  part  is 
at  the  knee,  and  the  upper  end  is  formed  into  a  pointed  ex- 
tremity, which  covers  the  front  of  the  leg,  aud  is  secured  by  a 
batlon  or  knot  Mtthin  the  waistband.*  These  capacious 
poaches  arc  used  as  jKjckets  in  the  oi-dinary  sense,  and  as  tem- 
porary bods  for  infants ;  and,  w  hen  in  the  vicinity  of  white 
men,  as  receptacles  for  stolen  goods.   The  mittens  in  common 
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DM  are  of  d«er-«ktD,  with  the  h&ir  uuide  ;  bat,  \a  Tact,  even 
fcitwl  of  skin  is  8ppropmt«d  to  tkU  necewaiy  part  of  the  win- 
ter gear.  The  natives  of  Behring  StnUta  skin  the  paw  of 
the  bear,  and  wear  it  aa  a  glore. 

Beaides  the  ffiftrcneea  I  have  menttooed  between  tndiri- 
doala  of  the  aame  tribe,  there  are  otbera  between  tribe  and 
tribe.  At  the  Birer  Clyde  and  Regent  Buy,  the  man'B 
jacket  behind  ia  quite  stnugfat,  while  before  there  is  a  aort 
of  aeotlop  in  the  centre.  To  the  westward  of  Mackenzie  Rivcr, 
a  akirt  in  worn  before  as  well  as  behind  -,  and  at  tbo  Copper- 
nine  River,  t)ie  tail  of  the  woman's  jacket  is  not  more  than  a 
foot  long.*  A  wooden  cap,  carved  to  resemble  the  bear  or 
the  seal,  or,  in  fact,  any  animal  of  which  they  may  be  in 
aeareb,  i»  worn  to  the  westward  of  the  Maekenne,  in  ordei 
to  facilitate  their  approach  to  within  gun-shott  A  cap  mada 
of  the  akin  of  tlie  tail  of  tltc  bafl^lo  in  worn  in  the  summer  to 
keep  off  the  mnsquitoes.  t 

At  Labrador,  the  women's  boots,  instead  of  being  loopwl 
up  to  tlie  breechcB,  are  "  holden,"  says  Sir  Martin  Frobishcr, 
'•  from  (alltog  down  about  their  feet  by  a  piece  of  bont;  placed 
within  them  for  their  whole  length  f  §  according  to  Mr  Homy! 
3'lllia,  they  have  an  additional  piece  of  whalebone  to  keep 
tliem  wide  at  the  top  ;  and  at  LAwrenceIi*land  and  the  river 
Clyde,  tbey  arc  worn  close  to  the  leg  like  those  of  the  men. 
Hic  Esquimaux  of  Princo  William  8ound  dispense  with  the 
hood  to  the  jacket,  and  wear  a  high  truncated  conic  cap  made 
of  Htrnw,  and  sometimes  of  wood.  At  the  Savage  Islands, 
Southampton  Iitluiid,  the  Rtvcr  Clyde,  and  occa^ouatly  Princo 
William  Sound,  the  women,  instead  of  breeches,  wear  little 
thigh  wrappers,  which  form  but  a  very  imperfect  covering, 
and  is  the  cause  of  their  frequently  getting  frost-bitten  ;  yet 
tliuy  lire  so  wedded  to  custom,  that  they  will  not  add  one 
inch  to  the  established  length.  A  tippet  covering  the  shoul- 
ders, cut  from  the  white  part  of  the  deer-skin,  is  occasionally 
^irom  by  some  of  the  younger  person*  as  an  onianient  The 
worn  round  the  waist  is  frequently  ornamented  with 
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Uie  bones,  teeth,  or  nose  of  tlio  fox  or  wolverine,  or  tlie  ears 
of  tbo  rein-deer,  banging  in  pairs  to  the  number  of  twenty  or 
tliirtf,  trophies  of  tlie  skill  of  tlie  hunter  to  whom  the  wearer 
is  allied,  nnd  the  SKme  ornnments  arc  attached  as  a  fringe  to 
tbc  lower  part«  of  the  jackets.  To  the  drawing-Nti-inga  of 
the  women's  brcechesi,  which  are  of  gi'e»tcr  length  than  those 
of  the  men,  and  made  to  hang  down  on  one  stdc,  are  fre- 
quently appended  as  ornaments,  a  grinder  or  two  of  the  mask- 
ox,  a  piece  of  carved  ivory,  a  small  ball  of  wood,  or  perfo- 
rated stone.  At  ScliiBmareff  Inlet,  the  men  ornament  the 
oikIs  of  these  strings  with  a  tuft  of  hair,  the  wing  of  a  bird, 
or  the  tail  of  a  fux  ;  and  as  they  do  not  take  the  precaution 
to  turn  the  string  on  one  side,  as  is  usually  the  case,  it  dan- 
gles behind  as  they  walk,  and  gives  them  a  very  ridiculous 
appearance.  Captain  Beeehy  thinks  it  probable,  that  it  ivas 
thia  feature  that  gave  rise  to  the  report  of  the  Tscliuktchi  of 
Northeni  Asia,  reconled  by  Miiller,  that  the  poo^de  of  Amc- 
ric-n  bad  tails  like  dogs. 

The  tent  of  the  Esquimaux  is  merely  a  temporary  summer 
habitation,  formed  generally  of  the  skin  of  the  walrus,  cut  into 
layers  of  about  the  thickness  of  a  dollar,  and  extremely  trans- 
parent and  oily.  The  entrance  or  front  faces  the  south,  and 
as  a  protection  to  its  back  or  northern  point,  sealskins  are 
placed.  Beneath  this  is  the  sleeping  place,  alone  distin- 
goished  by  having  several  deer-skins  spread  on  the  hnre 
ground.  The  seams  of  the  covering  are  sewed  together  so  as 
to  be  perfectly  water-proof,  and  to  the  dooi'-way  are  Inmg 
additional  skins.  One  central  pole  of  bones  or  broken  spears, 
tacked  together,  gives  height  and  support,  and  largo  stones 
or  gravel,  instead  of  pegs,  sijse  and  shape  to  the  tent ;  the  dia- 
meter of  the  floor  being  ten,  twelve,  or  fourteen  feet,  according 
to  the  number  of  inmates.  From  the  top  of  the  pole  one  or 
two  skin  lines  are  earned  for  .security  and  steadiness,  which, 
at  Kotzchue  Sound  and  Labrador,  is  rendered  unnecessary; 
for  in  these  localities,  four  polos  are  used,  which,  uniting 
at  the  top,  and  spreading  at  the  base,  give  strength  and 
shape  to  tiie  tent. 

The  drawings  made  by  Mr  Ilcnrj*  Ellis  and  Br  Richard- 
Dn  of  the  tents  observed  by  them  at  Hudson  Bay  and  the 
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Foliu-  So,  agree  wiUi  those  of  Kotz«bu«  Sound*  and  Labra- 
dor ,t  except  in  the  projection  of  tlie  pole^  above  the  skins. 
Sir  Kilward  Parry  atatea  tltis  to  be  the  fact  at  tlie  Hirer 
Clyde  ;  awd  vca  may  iitfcr,  therefore,  (bat  Mr  Henry  Ellis 
and  Dr  Ricbardaon  are  right,  althougb  Uiey  have  made  no  al-,' 
lusion  to  tliiK  |ic-ciiliarify  in  their  respective  uarratiTea. 

Egi-de  and  bts  coimiKmUitDi-  Cnntx  infunii  uh,  tl>at  the  n 
tivea  of  Qrcvnlaad,  who  cover, theii-  lonUt  wholly  witli  seal- 
Bltin,  form  tlio  oiitc}>-  witli  acal-gut,  which,  from  it«  trans- 
parency, anawcrs  the  purpose  of  a  window,  a  contrivance  ud- 
necessary  with  th«  highly  transliicvnt  wah-us  skin.  Th«  ■ 
tents  Bometimes  contain  two  fiunilic)),  if  they  arc  rclat«d,  or 
a  double  t«nt  is  formed  by  joining  the  luouthtt  of  two  itingle 
MM!*,  and  making  the  opening  on  one  lude.  Sir  John  Frank- 
lin diacovL-red  a  tent  to  the  westward  of  Uio  Mackenxio,  ca- 
pable of  holding  forty  persons,  supposed  to  have  been  a  trad- 
ing QstablishmcDt 

Besides  the  sleeping  place,  there  is  but  little  standing  room 
in  the  tent ;  as  on  one  aide  is  the  larder, — an  accumulation 
of  ilcsh,  blubber,  bouc»,  birds,  eggs,  &c.,  which  lie  at  tho 
mercy  of  the  heels  of  all  that  enter ;  but  the  careful  ir^aA  of 
the  inomtcs  enables  tlicm  to  avoid  that  which  the  stranger 
ill  the  land  Ands  ii  difficult  task.  Sir  Edward  Parry's 
party  were  not  so  sure-footed,  and  the  juices  of  these  arctic 
luxuries,  \vq  are  told,  "  formed  an  intolerable  liltky  mud  on 
the  floor ;"  and  thus  the  Esquimaux  had  good  reason  to  com- 
plain  of  their  Mci'-i/jvan/ more  civilized  brothers,  whose  awk-fl 
wartlness  not  only  destroyed  their  carpet  of  earth,  but  de- 
prived them  of  a  portion  of  their  vei-y  scanty  winter  store. 

There  are  two  kinds  of  boata  in  use,  tho  caiak  or  man's  I 
boat,  and  the  ooniiak  or  waiiULu's  boat,  which  are  mliulrably 
adapted  to  meet  thu  circunistancen  in  which  they  are  placed. 
Division  of  labour  is  not,  nor  ever  likely  to  be,  established 
among  tliis  isolated  family  ;  every  man,  therefore,  is  his  own 
boiitbuildcr ;  u-nd  it  is  no  mean  test  of  intelhgence,  to  find  it 
admitted  by  all,  that  tho  most  practised  civilized  artisan 
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eoald  nut  poBnibly  surpass  thorn,  either  for  syroinctry  or  exe- 
cution. Tbo  ii^iak  was  firet  described  by  William  Baffin, 
<vho,  while  a,  youth,  wrote  tiie  Account  of  James  Hull's  Voy- 
Hge  of  Discovery  ia  1607,  and  whose  subsequent  career  en- 
titled hira  to  have  a  very  oonHideiiible  bay  of  tho  Atlantic 
lutmed  after  him.  The  len^h  is  from  16  to  20  fi.-et,  and  the 
breadtii  at  the  centre  from  a  foot  and  n-lialf  to  2  feet,  and 
the  depth  about  1  foot,  the  head  and  stern  gradually  inulin* 
ing  to  u  point  from  the  centre  ;  it  has,  therefore,  been  very 
justly  compared,  in  ohape,  to  a  weaver's  shuttle.  The  bot- 
tom is  rounded,  and  lias  no  keol.  Twenty-two  little  beams 
or  cross  pieces  keep  tlie  frame  on  a  stretch  above,  and  two 
strong  battens  run,  one  from  the  stem  and  the  other  fi-om  the 
fttem,  toward^  the  centre,  where  they  are  attached  to  a  hoop 

bone  or  wood,  of  a  sufficient  size  to  admit  the  body.     The 

'ame  is  entirely  covered,  with  the  exception  of  a  circular 

lioli!  in  the  centre,  witlt  fresh  dressed  seal  or  wah'us  pareh- 

nt)  and,  when  complete,  it  weighs  about  sixty  pounds, 
which,  by  tile  form  of  the  rim,  can  be  carried  on  the  bead 
without  the  assistance  of  the  hands. 

There  is  a  difference  iu  the  form  of  the  caiak,  according  to 
the  locale  of  the  people,  which  lies  in  the  elevation  imd  shape 
of  the  rim,  and  in  the  greater  or  lesser  curvature  of  the  ex- 
tremities.   Throughout  Esijuimaux  land,  comfort  veratu  cus- 
<m  ia  the  motto  of  some  few  of  the  iuh[ibltants  in  relation 

tlto  rim,  and  instead  of  being  of  a  uniform  height,  it  is 
at  the  back,  the  better  to  support  the  trunk  of  the 
body.  At  Prince  William  Sound,  according  to  Captain  Cook, 
the  bow  curves  somewhat  Uke  the  head  of  a  violin,  a  pecu- 
liarity of  form  wliich  answers  for  one  figured  by  Mr  Henry 
Ellis  OS  in  use  at  Hudson  Bay.  This  is,  however,  doubt- 
fill,  for  in  Captain  Cook's  caiak  we  have  the  letli?rprcsa,  and 
in  that  of  Mr  Henry  Ellis  the  figure  alone  to  guide  us. 
The  caiak  of  Greenland  has  a  knot  of  ivory  at  each  end,  to 
protect  the  sharp  point  of  the  extremity ;  it  is  possible, 
tlierefore,  that  tite  eurvatui-e  described  by  Cook  and  KUis 
bad  a  protective  use. 
^^    At  Prince  William  Sound  tlie  caiak  is  frequently  built  with 
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two,*  nnd  oven  thrco.t  circular  opcuing«,  80  m  to  hold  two 
or  three  men,  in  which  instances  a  single,  instead  of  thefl 
nSDftl  double  paddio  is  used  ;  and  it  is  worthy  of  rpmark,  that 
Thorwold.  who  ivW  niortntly  woundwl  on  the  ciiHtem  coast 
of  Greenland,  in  1003,  whilst  leading  a  most  uncalled  for  andi 
brntfll  attuck  an  this  pcacofnl  nation,  states  that  the  boatsl 
thcru  held  three  persons.  If  this  fufthion  was  at  the  timaj 
prevalent,  which  is  likely  from  the  psychological  history  ] 
of  tho  peopk",  it  wiis  not  so  in  1576.J  Necessity  frequently 
obliges  the  KsqiiimAux  to  lash  togetlier  vsrious  little  Kcrapa 
of  wood,  ivory,  and  bone,  for  pAddles,§  hut  when  wood  is  at  | 
hand  they  are  well  formed,  and  tho  broad  blades  neatly  shod  | 
with  hone,  to  enable  them  to  bear  the  concussion  of  the  ice. 
The  oomiak.  culled  bnidar  at  Ochotsk  and  ICamt«chatka^ 
is  from  20  to  25  feet  long,  by  8  broad,  and  is  capable  of  ac- 
commodating twenty  persons.  At  Hudson  Straits  and 
Greenland  it  is  navigated  by  women,  and  at  the  north-west 
corner  of  America  by  men,  tlie  women  occaBionally  nssisting. 
Tbe  one  is  of  superior  workmansliip,  on'd  is  propelled  by  inca  I 
with  single  paddles,  tbe  rowers  fjicing  the  bow;  the  other  by  i 
women  with  mdely  shaped  oars,  resembling  a  spade  at  the] 
water  end,  the  rowers  facing  tho  stern.  These  family  boats  I 
all  agree  in  the  general  fi-ameworb,  and  in  being  covered] 
with  Heal  or  walrus  skin,  but  they  vary  in  form.  They  are  not] 
in  use  at  Regent  Inlet  and  Melville  Peninsula,  Tbe  oomiuk] 
of  Hudson  Straits  and  Greenland  is  flat-sided  and  ilat-bot' 
tomed,  about  Oiree  feet  high,  and  nearly  square  at  Uie  bow 
and  steiT),  and  contains  from  five  to  six  seats  secured  to  the  . 
gunwales  by  thongs,  and  that  of  the  norUi-west  coast  ia , 
sometimes  pointed  at  the  bow  and  stern,  and  at  other  times 
at  the  bow  only.  The  sail  of  the  oomiak  is  what  sailors  call 
lug-sLaped,  and  is  formed  of  walrus  gut  sewed  together  with 
gi'cat  neatness,  in  breadths  of  about  four  inches,  and  weiglis 
only  three  pounds  and  three  quarters.  The  mast,  which  is  fl 
placed  well  forward,  is  made  of  wood,  and  has  a  very  neatly 
formed  ivory  sheave  for  the  halyai-ds  to  nm  on,  (Jonsider- 
ablo  .taste  and  attention  is  bestowed  on  tho  bow  and  stern  of  1 
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jbg  oomink ;  but  the  Esquiinnux  more  paHioularlj  pndex  him- 
WB  in  tlic  neat  uppcarancc  of  hia  caiak,  and  haii  a  warm  skin 
plnced  in  i(*  bottom  beneath  the  rim  foi-  a  seat  Tbe  dex- 
tfrity  with  which  it  is  TOwcd,  the  velocity  of  its  way,  and  the 
extreme  wlegance  of  its  form,  renders  an  E»qtiimaux,  when 

litting  independently,  and  urging  hia  course  tewttrds  liis  prey, 

objeet  of  the  liighest  intereat ;  and  it  is  really  wonderful 

that  in  so  frail  a  bark  he  can  defy  the  raging  «torm,  and  give 

mtttc  to  the  polar  bear  and  the  mighty  monsterH  of  the  dec)). 
Captain  Cook  has  informed  us,  "  that  every  thing  the  Es- 

uimanx  have,  is  as  well  and  ingeniously  made  as  if  they 
were  faraiahed  with  the  most  complete  tool-chest ;  and  that 
their  eewtng,  plaiting  of  sinews  and  Hmall  work  on  their  little 
bags,  may  be  put  in  competition  with  (he  most  deUcate  mauu< 
ifflcturcs  found  in  any  part  of  the  known  world.  In  short,  it 
appears  that  their  invention  and  dexterity  in  all  mamial 
works,  is  at  least  equal  to  that  of  any  other  nation."  Let  U3 
see  Vfb&t  are  the  tools  they  work  with,  and  proceed  to  weigh 
tbe  opinion  Captain  Cook  has  so  strongly  expressed.  vV  hand 
chisel  made  of  stone,  copper,  or  ivory,  of  five  or  six  inches 
long  and  about  two  broad,  bevelled  away  at  one  end,  and 
fixed  in  wood  or  bone  handles,  is  in  pretty  general  use."  This 
primitive  mortise  chisel  is  frequently  lashed  to  the  end  of  a 
piece  of  wood  about  twelve  or  foui'teen  inches  long,  in  such  a 
nianncr  as  to  act  like  an  adze,^  and  made  almost  after  the 
manner  of  tliat  of  Otalicite.J  which  from  its  beauty  finds  a 
place  in  the  drawing-room  of  the  rich.  Captain  Lyon  found 
a  hatchet  of  English  manufactm-o  among  the  Esquimaux  of 
Melville  remnsuhi  thus  mounted,  and  the  shaft  was  scooped 
out  in  such  a  way  as  to  allow  the  hand  to  fit  it,  each  finger 
having  its  particular  placo.  The  knives  used  by  the  men  arc 
of  two  kinds :  the  one  is  made  of  the  tusk  of  the  walrus,  cut 
or  ground  sufficiently  thin  for  the  purpose,  and  as  it  retains 
the  original  cur^'O  of  tlic  tusk,  it  resembles  the  little  swords 
which  the  English  child  plays  with  as  a  toy;  the  other  is  of 

ipper,||  or  iron.g  triangular  in  foi-m,  and  is  let  into  a  handle 
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of  wowl  or  Iiorn  a  foot  long,  to  which  it  l»  eecnred 
or  tiionga.  A  knife  o(  thin  tloMription,  found  by  Henme  nt 
the  montJi  of  tlic  Cop|>i'nnmc  River,  was  made  of  copper  and 
hcftrt-ftliaiwd,  while  one  discovered  by  Sir  Edward  Party  at 
M«1villo  PeninBulH,  was  formed  of  iron  and  trian^lar.  The 
gallnnt  officer  is  of  opinion,  that  the  Enquimaux  are  probably 
indebted  to  an  indirect  communication  with  oui-  factories  in 
Hndson  Bay  for  tJiig  form.  The  fact,  however,  of  Henrac 
hnrini?  found  the  same  kind  of  knife  at  the  Coppermine  River, 
of  which  Sir  Edwai-d  Parry  was  not  perhaps  aware,  would 
appear  to  estAbliah  it  as  an  invention  of  their  own.  The 
woman's  knife  exactly  roHcmbles  that  used  by  our  cheese- 
mongers, wliich  renders  ft  particular  description  of  it  anne* 
cessary.  A  sort  of  saw,  osed  instead  of  a  knife  for  cutting 
blubber,  wfls  found  on  the  eastern  coast  of  Greenland,  byfl 
Captain  Graiih  ;  it  consisted  of  a  lance-formed  piece  of  fir, 
along  the  edges  of  which  were  inserted  rows  of  sharks*  teeth, 
which  were  secured  by  smnll  nails  of  bone.  This  instrumonttfl 
he  adds,  was  formerly  made  use  of  on  tbe  west  coast.  Tiiua 
much  of  the  contents  of  an  Esquimaux  tool-cliest. 

Fotherby,  in  1015,  was  the  first  to  make  mention  of  the  Es- 
quimaux sledge,  and  that  it  was  "  shod  or  lined  with  bones," 
and  Captnin  Luke  Fox,  lu  1631,  was  the  lin<t  to  describe  it; 
but  we  are  indebted  to  Captain  Cartwriglit,  in  1770,  for  en- 
tering minutely  into  its  construction.  "The  slods  tbe  Es- 
quimaux make  use  of,"  says  Captain  Oartwright,  ■'  are  made 
of  two  spruce  planks,  each  21  feet  long,  14  inches  broad,  and 
2  inches  thick,  which  are  hewn  out  of  separate  trees  (be- 
cause they  are  not  acquainted  with  the  use  of  the  pit-saw)  [ 
they  are  placed  collaterally  with  the  upper  edges  at  the  dis- 
tance of  about  a  foot  asunder ;  but  the  under  edges  ore  some-fl 
what  more,  and  secured  in  that  position  by  a  batten  2  inches 
Bituarc,  which  is  placed  close  nnder  the  upper  edges.  The 
fore-ends  are  sloped  off  from  the  bottom  upwards,  that  they  ■ 
may  rise  over  any  inequality  in  the  road.  Boai'ds  of  18  inchoa 
long  are  set  at  the  upper  edges  of  the  sled,  3  inches  asunder, 
to  place  the  goods  upon,  and  to  accommodate  the  driver  and 
others  with  a  sent.  The  nnder  edges  are  shod  with  the  jaw- 
bouo  of  a  whale,  cut  into  lengths  of  2  or  3  feet,  half  an  inch 
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HtEck,  iwd  are  faat«neil  on  with  pegn  of  the  same.    This  shoo- 
ing in  tlurmbl«,  and  innk«H  them  nlide  very  glibly.    The  wood 
work  18  sewed  together  with  split  whalebone.     A  ooupio  of 
hoIeH  are  bored  through  the  fore  ends  of  each  plank,  in  which 
u-e  inserted  the  two  ends  of  a  strong  short  thong,  made  out 
of  tlie  hide  of  a  sen  cow,  and  aeciirod  by  a  knot,  and  io  the 
middle  part  of  the  thong  a  separate  one  is  fastened  from  each 
dog." 
In  1631,  wood  munt  have  been  more  plentiful  than  in  Cap 
mjii,b  Cart  Wright's  IJme ;  for  Captain  Luke  Fox  not  only  repre- 
P(nt8  the  side  boanla  of  the  sledge»  to  have  boon  4  incbea 
tliicli,  but  informs  ua  that,  by  robbing  the  graves,  which  were 
rWed  with  tJie  sledges  of  the  departed,  after  Indian  cuHtom. 
lie  obtained  a  boat-load  of  fii-ewood  in  a.  Hinglu  sacrilegious 
Mt.     At  the  Hiver  Clyde,  the  sledges  are  made  altogether 
of  bone,  the  right  and  left  jaw-bonea  of  a  yoiin^  whale  forni- 
iog  itA  sides,  and  liie  ribs  of  the  aniinul  the  cross  pieces,  and 
for  the  back  are  placed  rein-deer  liorns  in  an  apright  posi- 
tion.*   Bone  sledges  are  also  in  use  at  Schismarefflnlett  and 
Regent  Bay.|     At  R«gcnt  Inlet  the  sledgo  is  formed  of  a 
"  number  of  snlnion,  packed  together  in  the  form  of  a  cyliu- 
dvr  abotit  7  feet  long,  and  wrapped  up  in  the  skln^  taken 
fipom  the  canoes,  which  now  cease  to  be  of  use;  when  well 
corded  with  tliongw,  two  of  these  cylindent  are  presucl  into 
the  uliivpe  of  the   rimners,  and  having  been  left  to  freeze, 
are  secured  by  cross  bars  made  of  the  legs  of  the  deer  or 
musk-ox,  80  as  to  form  the  bottom  of  the  sledge;  the  bot- 
tom of  ilio  runner  is  then  covered  witli  a  mixture  of  mosH, 
earth,  and  water,  which  soon  freezes  to  tlie  depth  of  2  inches, 
aftvr  which  comes  the  final  process  of  plaiting  tho  surface. 
The  operator  takes  some  water  in  his  mouth,  and  when  some- 
what mixed  with  siilivii,  it  is  deposited  on  a  bear  skin,  whicli 
is  then  gradually  rubbed  over  tlie  runner  as  by  a  brush,  till 
a  coating  of  lialf  an  inch  thick  is  produced,  which  has  a  more 
than  usual  degree  of  tenacity,  and  is  more  slippery  than  tlie 
ordinary  material.     These  can-iages  travel  much  more  lightly 
than  those  shod  with  iron ;  but  as  tliey  ceaae  to  be  of  nae  as 
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Soon  as  tbo  tbcrmometor  riii«B  nbovt:  th«  frcexing  point.  tli«y 
ore  takea  to  pieces,  the  6sb  being  catoD,  and  the  skins  con- 
\'LTtecl  ijit4^  b»;;pt,  nkilo  the  bonvsurc  roscrvod  fur  tlie  dogs."* 
In  cvcrj-  inBtaticc  tlio  slodge  is  sbod  witli  jilcccs  of  barj  bone 
wliich  can  be  replaced  when  worn  out. 

Tbe  skin  of  thi;  wnb'ua,  during  the  colilcst  pArt  of  tb«  wia< 
ter,  is  oft«n  uanufacttired  into  runnc-ra,  fur,  when  hard  Fro- 
sen,  it  rescmblea  an  inch  board,  with  ten  times  the  Htr«nglli. 
^notbcringenious  contrivance  is.tJie  casing  of  moss  and  eartb 
in  seal  skiii,  so  iliat.  by  pouring  a  little  water,'a  round  hard^ 
boUter  is  eaeiily  formed.     Acroan  this  kind  of  runner,  there  ilf 
tbe  8«mc  an-aiigcment  of  bones  an<I  Hticks  on  the  upper  part,     ' 
and  tlic  surface-  wliich  passes  orer  tJio  snow  is  coated  with 
ice,  hy  miking  snow  ^titU  fresh  water.    A  rough  piece  of  wal- 
rus hide,  shaped  like  a  ti-ay  or  a  fiat  »lab  of  ice,  hollowed  like 
a  bowl,  for  trllluig  purpoRt-.*,  is  frequently  uaed.| 

In  ft  country  whero  thu  pliant  twig  lioljs  no  pla«e,  and 
where  frequently  driftwood  >a  so  scarce  as  to  leave  it  desti- 
tute of  that  important  article  avcn  for  fuel,  it  is  indeed  nti 
interesting  inquiry  to  (leterminc  the  meani*  by  which  the  Ks- 
quimaux  hatt  supplied  himself  with  a  how.     ^V'hen  formed  of 
one  picH^e  of  wood,  the  bow  is  of  the  ordinary  make,  strength- 
ened on  the  back  witli  100  or  more  of  small  plaited  or  twiBtcd 
ainews,^  which,  to  use  tbe  words  of  Sir  Martin  Frobishcr^fl 
are  "  not  glued  to,  but  fast  girded  and  tied  on."     The  Er< 
qaimaux  of  Behring  Straits  bestow  much  care  in  giving  tho^ 
bow  the  proper  form,  and  for  this  purpose  they  wrap  it  iofl 
shavings  soaked  in  water,  and  bold  it  over  a  fire  for  a  time. 
It  is  then  pegged  to  tbe  eartli  in  the  fonn  required.     By  the., 
aesistunco  of  tho  sinc^vs  at  tlie  back,  the  bow  preserves  its 
elastic  powor;  and,  by  slackening  or  tightening  them,  it  ig 
i>eudered  weak  enough  for  tbe  child,  or  sti-ong  enough  for  th< 
most  powerful  man  ;§  and  when  "  fast  girded,"  it  causes  the 
implement,  when  imstning,  to  turn  the  wrong  way.     Thoj 
have  also  the  power  of  altering  the  length  of  the  bowstring 
to  their  pleasui-e,  by  twisting  the  several  strings,  often 
fifteen  or  twenty  plaits,  of  which  it  is  compose<l. 
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V  Two  ranetJc^  of  form  stkI  construction  hnvo  been  foii]»l 
amongst  i1i«  nativos  of  Hudcon  Striiita.  The  one  lina  been 
(leacribed  «nd  fipari'il  by  Mr  Heni^  Ellis  ;  and  a  specimen 
of  Uie  other  in  in  my  posscssivn.  Sir  li'ilwarJ  Parry  did 
not  meet  with  either  of  these  bows  amonn;  the  natives  of 
MeWille  PcninxuU,  although  close  neighb-mrs  to  those  of 
Hudson  Strftita.  The  bow  mot  ^vith  by  Mr  Henry  Ellis, 
"  was  made  of  three  pieeea  of  wooi],  each  forming  a  part  of  the 
same  arch,  very  nicely  and  exactly  joined  together."  The 
bow  in  my  poBScssion  differs  from  that  of  Mr  Henry  Ellis, 
in  being  tiat  instead  of  arched  in  the  centre,  and  having  a 
Boull  piece  of  wood  bound  with  fish-akin  to  the  back  part  of 
the  jimction  of  the  two  cm-ved  extremities  with  the  central 
flat  portion,  and  is  composed  of  five  pieces  of  wood.  At 
Melville  Peninsula,  for  the  want  of  wood,  the  horn  of  the 
musk  ox,  thinned  hornB  of  deer,  and  other  buny  Hiibtttances 
■TO  uKwl.  To  protect  the  wrist  from  the  abrusion  which 
would  eusae  from  frequent  use.  the  Esquimaux  of  Behring 
Straits  buckle  on  a  piece  of  ivory  about  Hiree  or  four  inches 
long,  hollowed  out  to  tlie  wrist,  or  a  guard  made  of  several 
pieces  of  ivory  or  wood  fastened  together  like  an  iron-holder. 
Tlie  bow-siring  is,  moreover,  in  contact  with  about  a  foot  of 
the  wood  at  each  end,  and,  when  used,  makes  a  report  fatal 
to  secrecy  ;  their  more  warlike  neighbours  are  careM  to 
mnffle  these  parts  with  fur.*  To  make  the  bow  draw  stiffly, 
tboy  dip  >L  in  water,  wltloh  causes  its  back  and  string  to  con- 
tract, and  creates  a  greater  impetus.  Sir  Martin  Frobisber 
informs  us,  that  tlie  bows  are  three  feet  long ;  Captain  Lyon 
adds  six  inches  to  that  length ;  and  the  one  in  my  possession 
measures  five  feet  three  inches.  It  is  used  in  the  horizontal 
position.  Lieutenant  Edward  Chappel  must  have  been  the 
dupo  of  some  Israelitish  Esquimaux,  or  he  would  scarcely 
have  pronounced  *'  the  whole  fabrication  of  the  bows  and 
arrows  not  to  »ur]>ass  the  workmanship  of  an  English  school- 
boy." Spccimcuii  of  the  industrial  arts  of  the  Esquimaux 
were  presented  by  Lieutenant  Chappel  to  the  Library  of  the 
University  of  Cambridge. 
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The  arrows  are  »bort,  li;u;Iit,  and  foi-mctl  wiUioat  rcj^Ard 
length  or  thickness ;  "  tb«y  am  tfareo  pieces,  noolcoil  wit 
bone  and  ended  » itb  bone,  with  those  two  cndft  and  Uio  wood' 
in  the  midftt ;  they  pasti  not  in  length  half  a  >'ard,  or  little 
tuorc.     Thtsy  ai-e  feathered  with  two  feathers,  the  pea  en^f 
being  cut  avray,  and  the  feathers  laid  upon  the  bitow  with 
the  broad  side  to  the  wood,  inaomuch  timt  they  seem,  when 
Uwy  ore  tied  on,  to  have  four  feathers.     They  have  also  tbretfl 
sorts  of  heodii  to  their  arrows ;  one  sort  of  stone  or  iron  pro- 
portioned like  a  heart ;  the  second  sort  of  bone,  muoh  like 
unto  a  stopped  bead,  with  a  hook  on  the  same ;  the  third  sort 
of  bone,  likewise  made  nharp  on  both  aides,  and  sharp  pointed.  ] 
They  are  not  niado  very  fast,  but  lightly  tied,  or  else  tied  ii 
a  nocke,  that  upon  small  occasions  tlie  arrows  leave  Ihcsal 
heads  behind  them,  and  they  are  of  small  force  except  they] 
be  very  near  when  they  shoot.''"     Ilie  bow,  when  of  the  or- 
dinary ui«ke,  and  a  few  arrows,  are  carried  in  a  neatly 
fonned  8«a1-«kin  case  ;  and  attached  to  tlio  side,  in  a  little 
bag.  is  a  stone  for  sharpening,  and  some  spare  arrow-hea<la^ 
carefully  wrapped  up.  fl 

Their  spears  are  of  various  kinda,  the  dilference  diiefly 
OODKiittin^  in  material,  rather  than  form.  The  ka-ti-ltfk, 
vrith  which  tie  whale  and  walrus  arc  attacked,  is  a  large  and 
Btron;;  hamlted  spear,  especially  towards  the  middle,  where  ■ 
tfacrc  is  a  suiall^houlder  of  ivory  iiecurcly  lashed  to  it  for  the 
thnnib  to  rest  against,  and  thus  to  give  additional  force  in 
throwing  or  thrusting  it.  The  ivory  point  of  this  weapon  is  I 
made  to  fit  into  a  socket  at  tlic  end  of  the  staff,  where  it  is| 
wonrod  by  double  thongts  in  nuch  a  manner  as  steadily  to  re>  j 
tain  its  position  when  a  strain  is  put  upon  it  in  the  direction ' 
of  its  length,  but  immediately  disengaging  itself  with  a  sorb ' 
of  Bpring.  when  any  latei-al  strain  endangers  its  breaking, ' 
This  weapon,  no  far,  displays  little  art  or  ingenuity  ;  but  an  | 
appendage  called  auukd,  consiatjng  of  a  piece  of  bone  tlirea  , 
iBches  long,  and  having  a  point  of  iron  at  one  end,  and  at 
the  other  a  small  hole  or  socket,  to  receive  the  point  of  the'  I 
k&-ti-leek,  is  a  masterpiece  of  art.    Tbrou^  the  middle  o^  1 
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tbU  iosUvment  u  Muiired  tliv  allek,  or  line  of  tLimg.  of 
irbich  CTCry  niaii  has,  wlicii  Henting,  a  couple  of  coils,  vucli 
rrout  fbar  to  six  fHthomr)  Iod^.  hanginic  at  hi»  back.  'Vhvw 
aro  mode  of  thv  skin  of  the  ozuke  sh  iii  Uroeuloiul,  and  iiro 
kdinirabty  ad^ted  to  ihe  purpose,  both  on  uccuuut  of  tlieir 
stren^tl),  and  the  pmperty  which  they  pusacHH  of  prosorviny 
their  pliability  oven  in  tJio  most  intenae  froHt.  To  tliG  cud 
of  the  Allek,  when  tlio  animal  pui'aued  is  in  upvu  water,  they 
attach  a  whole  seul-skiu,  indutcd  like  a  bladdor,  for  the  pur- 
Iiose  of  tiring  it  out  in  its  progress  tlirough  (lie  water.  The 
akliak,  a  lighter  kiud  than  the  former,  aho  ivory-hcuded,  with 
the  stfttku  nitached,  m  used  for  the  largo  seal,  and  has  a 
bladder  fastened  to  it,  and  a  looae  liead  with  a  line  attached  ; 
tlu»  being  darted  into  an  animal,  'm  iuHtaiiily  liberated  fi-om 
the  bjiodlo  which  ^ive»  the  impetus.  The  oonak  used  for  tlie 
smoU  seftl  10  of  the  same  make  iiit  the  former,  but  wants  the 
I     bladder. 

^K  When  a  eeal  is  seen,  the  »tutko  i.t  taken  from  a  little  leatlt- 
^^n  case,  in  whieh,  when  out  of  use,  it  is  carefully  inclo8<!iJ, 
[  and  attaolied  by  its  socket  to  the  point  of  the  spcai- ;  in  this 
,  situation  it  is  retained  by  bringbg  the  ullek  tight  down,  and 
'  fastening  it  round  the  middle  of  the  t>tnlF  by  a  slipknot,  which 
may  iikstantly  be  disengaged  by  pulling  on  the  other  end  of  the 
tti)e,  Aa  soon  as  the  speai'  has  been  thrown  and  the  animal 
struck,  tlie  siatko  i»  thus  purposely  separated,  and  being  slung 
by  the  middle,  now  perfonns  very  oll'ectually  the  important 
oflice  of  a  barb,  by  turning  at  right  angles  to  the  direction 
in  which  it  has  entered  the  orifice.  This  device  is,  iu  its 
pruiciple,  acknowledged  to  bo  Buporior  even  to  our  barb;  for 
tlie  instant  any  strain  is  put  upon  the  line,  it  opposes  ita 
longtli  to  a  wound  only  oa  wide  as  its  own  hreadtli. 

The  nuguit^  for  striking  birds,  young  animiiln,  or  fish,  has 
two  forms ;  tlie  first  ha»  two  prongs  like  a  fork  at  tJio  extre- 
mity, and  three  otlier  barbed  ones  in  the  middle,  diverging 
in  different  directions,  so  that  if  the  i-'iiil  pair  shoul<)  miss, 
some  of  the  centre  ones  should  sttrike.  The  second  hail  no 
diverging  prongs  in  the  middle,  but  three  instead  of  tw-j  at 
the  extremity,  and  may  be  termed,  by  way  of  distinction, 
the  trident  spcur.     Sir  John  Hoss,  in  bin  account  of  the 
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Ksquimnux  of  Kcgcnt  Inlet,  <lciicrib«!itbG  trident  «pOAr,  "b«-J 
cause  it  wna  difTorcnt  from  a.ny  of  wlitch  lie  Iwd  r«ad."    Kowl 
Sir  Mnrliti  Frobi&her  lius  ticctii-atcly  <]c»cril)«d  \\\\»  sj>c(u-,' 
ooiupftriiig  it  to  •*  our  toasting  iroiiB,  but  longer,''  h»  wt-U  lis  i 
Onptftin  Lyon ;  And  it  is  difficult  to  undvnttniicl  that  tliv  lAttcni 
gallant  officer's  admirablo  dosci-iplion  could  littve  cscnpcd] 
Sir  John  Rona's  attention.     When  employed  for  striking] 
birds,  to  give  thcKO  spears  additional  velocity,  a  throwing-J 
Btick  ia  used,  which  is  conKtructed  of  a  Hat  board  of  about 
eighteen  inches  long,  having  a  groove  to  roceirc  the  stoiT, 
two  others,  and  a  holo  for  the  fingers  and  thumb,  nnd  a  small  i 
spike  fitted  for  a  hole  in  the  end  of  the  slatT.     Hr  Henry  Ellis  , 
has  figured  this  singular  instninient,  and  specimens  of  it  were  ' 
brought  homo  by  Captain  Billings  and  Lieutenant  Chappell. ; 
The  sling  is  in  use  amongst  the  natives  of  Labi-ador,"  Hud- 
son Straits,!  nuA  the  Great  Fisli  River  Estuai-y,!  and  is  very  I 
destructive  in  the  hands  of  an  Esijuiniaux,  who  directs  it  with] 
great  force  and  unernng  aim.     Amongst  the  minor  imple- 
ments of  the  chase  are,  theii'  fish-hooks,  consisting  only  o£  \ 
a  nail,  crooked  and  pointed  at  one  end,  the  other  being  let 
into  a  piece  of  ivory  to  which  the  line  is  attached ;  a  piece  of  \ 
deer's  liorn  or  curved  bone,  only  a  foot  long,  used  as  a  rod ; 
a  long  bone-feeler  for  jilumbing  any  cracks  in  the  ice  through 
which  souls  are  suspected  of  breathing,  and  also  for  trying  I 
the  safety  of  the  road  ;  as  a  float,  a  moat  delicate  little  i-oil  of 
bone  or  i\ory,  of  the  thickness  of  a  fine  knitting  needle,  and 
about  a  foot  long,  having  at  the  lower  end  a  small  knob,  and 
at  the  upper  a  fine  piece  of  sinew  tied  to  it,  so  as  to  fasten 
it  loosely  to  the  side  of  the  hole ;  small  ivory  pugs  or  pins  to 
stop  the  holes  made  by  the  spears  in  the  animat's  body,  in 
order  that  the  blood,  a  gi-eat  luxmy  to  the  natives,  may  be 
saved !  and  an  instrument,  sliaped  sometiiiug  like  a  shoe-horn, 
with  four  holes  at  the  small  end,  communicatmg  with  a  trough 
that  extends  along  the  middle,  and  widens  as  it  nears  the 
broad  part.     This  is  used  to  procure  blood  from  tlie  dying 
animal,  by  inserting  the  end  with  the  holes  into  the  wound. 
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aad  plActng  the  tnontli  at  ihe  opposite  end  of  the  trough,  to 
receive  the  liquid  ns  it  flows. 


Pro: 


In  order  to  limit  their  ohservatioii  of  distant  objects,  and 
to  protect  themselves  from  siiow-hlinduesa,  occasioned  by  tlie 

flection  of  the  sun's  rays  from  off  tbe  ice-flakes  of  snow,  they 
wear  an  eye-shade  of  wood  of  ivoiy,  or  of  both  combined. 
Oa  the  inside  it  is  hollowed  to  receive  the  bridge  of  the  nose, 
on  which  it  rests  in  front,  and  to  give  free  phiy  to  tlie  eyelids, 
while  on  the  outside  it  is  convc.\,  and  longitudinally  and  very 
nan-owly  divided  for  the  purposes  of  vision.  Two  strings  are 
attached  to  it  to  con&no  it  in  its  place. 

And  in  order  to  protect  them  solves  from  the  Russian  traders, 
tLo  natives  of  IMnce  William  Sovmd  and  Scliismareff  InJefc, 
wear  underneath  their  dress  a  jodceb  or  coat  of  mail*  mode  of 
thin  laths,  botmd  together  with  sinews,  wliich  make  it  <niito 
flexible,  though  so  close  as  not  to  admit  an  arrow  or  dart- 
Itoiily  covei-8  the  trunlv  of  the  body,  and  has  been  compared 
by  Captain  Cook  to  the  stays  of  civilized  life.  According  to 
Saner,  it  has  a  Bap  before,  reaching  down  their  thighs,  but 
so  made  aa  to  rise  or  fall,  and  permit  their  sitting  in  their 
oomiaks :  a  similar  flap  hangs  on  the  breast,  which  may  be 
raised  as  high  as  the  eyes.  Straps  fasten  this  armour  on  tlio 
shoulders,  and  strings  tic  it  round  the  body  on  one  side.  At 
Schismai'ed*  Inlet,  instead  of  wood,  their  coat  of  mail  in  made 
of  cider  drake  9kin.| 

They  have  an  ingenious  contrivance  for  detaching  fleaa 
from  the  hack,  or  such  parts  of  the  body  as  the  hands  cannot 
reaeh.  This  is  a  rib  of  a  seal,  having  a  bmich  of  the  whitest 
hair  of  the  deer  attaclied  to  one  end,  and  on  thus  i-ubbing  the 
places  which  require  it, the  little  animals  stick  to  it:  from  their 
colour  they  are  easily  detoetod. 

Almost  all  tlie  uncivilized  races  have  some  notion  of  draw- 
'"gi  generally  a  rcpi'osentwtion  of  fhem.selves,  of  the  animals 
of  the  chase,  and  the  implements  used  in  tlieir  capture. 
Captain  Beochy  has  described  a  picture  drawn  on  one  of  their 
implcmcnU  of  the  chase,  by  one  of  tlio  natives  of  Koizcbne'n 
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Sound,  which  represented  in  one  pnrt  a  hunter  in  pnniiiit  of 
a  hcnl  of  deer,  in  a  stooping  iMXrttiro  on  snow-Hhooi ;  in  an- 
other his  nearer  ftppronch  to  his  gniiie,  and  in  the  act  of  draw- 
ing hi»  how ;  in  a  third,  the  act  of  throwintf  his  upciir  at  a 
seal,  with  an  inflated  r^kin  as  n  dcco)-:  the  animal  was  placed 
upon  the  ice,  the  man  lying  on  his  belly,  wiUi  a  hai-poon  ready 
to  utrike  it ;  in  a  fourth,  the  dragging  u  sfiitl  home  upon  n 
small  alodgi?,  and  several  oomialts  busy  in  harpooning  whales 
which  liod  been  previously  shot  with  arrows ;  and  thus,  by 
comparing  one  with  another,  a  complete  insight  into  tbclr 
habitft  wm  elicited.  On  the  oaatorn  coast  of  Greenland, 
Kanick,  a  painter  of  repute  among  his  colleaguea,  oma,- 
mcntcd  tlie  walls  of  bis  house  witli  figures  cut  out  of  black 
skins  representing  se^ls,  walruses,  hejirn,  and  Grecnlanders, 
"  in  wliicli  menagerie,"  says  Captain  Graah,  of  the  Banish 
Navy,  who  discovered  them,  "  he  soon  recognised  himself."" 
Captain  Parry  informs  us,  that  Toolemalc,  a  native  of  Mel- 
ville I'eninMula,  learned  himself  to  draw  very  fairly,  by  copy- 
ing pi'intB ;  and  Ayokitf  B  productions  were  ao  curious  and  in- 
genious, as  "  to  determine  Caj)tain  Lyon  on  trijasuring  them." 
lu  the  animals  there  was  one  striking  peculiarity,  which 
consisted  in  having  both  eyes  on  the  same  side  of  the  head. 
Sacheuse,  the  interprctoi*  of  Sh-  John  Ross's  first  expedition, 
acquii-ed  the  art  to  an  extent  which  enabled  him  to  make  a 
drawing  of  the  fii-st  interview  of  tlie  exploring  party  with  the 
natives  of  Regent  Uay  a  highly  ludiei-ous  scene,  which,  from 
its  value,  was  engi-aved  as  an  illustration  to  the  Narrative  of 
that  Expedition.  Sir  John  Fi-anklin's  interpreter,  Augustus, 
was  accustomed  to  spend  whole  dayn  in  looking  over  a  colloc- 
lection  of  portraits,  amongst  which  was  one  of  the  Duchess 
of  Kent,  the  mother  of  our  Sovei-elgu.  The  reprcsentatioa 
so  won  his  heart,  that  in  the  list  of  presents  whic^  he  fur- 
nished (n  be  ronvai-ded  to  him  from  England,  was  that  of  "  a 
wife  like  the  Duchons  of  Kent.'' 

The  art  of  carving  is  universally  practised, — ^ita  state  of 
perfection  keeping  pace  with  our  pi-ogi-ess,  and  along  their 
migration  from  east  to  west.     Carvings  in  imitation  of  the 
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hnman  form  were  found  by  Cajitain  Graah  on  tlie  eftstiern 
criiiftt  of  Greenland  of  a  very  rude  chavaoter.  ■  >Ye  no  sooner, 
however,  reacli  tbo  oastoro  coast  of  America,  than  we  find 
models  of  men,  vrotnen,  and  children,  of  birds,  beasta,  and 
fisbea,  and  of  every  kind  of  implement  and  culinar>-  utensil, 
executed  in  a  masterly  style.  An  Esquimanx  woman,  with- 
out her  dreiis,  obtained  from  the  EHqiiimaux,  shews  a  pro- 
ficiency  in  anatomy  aa  complete  as  the  learaed  professor  of 
the  Royal  Academy  conld  possibly  wish  his  most  accomplished 
papils  to  attain.  Also,  one  with  the  dress  on  shews,  that 
they  can  cliisel  the  drapery  with  equal  truth.  "  An  ivoi-y 
fish,"  purchased  by  Captain  Lyon,  "  neatly  formed,  and  about 
three  inches  long,  had  the  eyes  made  of  small  lumps  of  iron 
pyrite8."t  Ivoi'y  chain;*,  most  ingeniously  cut  out  of  solid 
pieces  of  ivor ',  were  found  in  the  possession  of  the  Esqui- 
maux of  Behriiiii's  Straits,  each  link  being  separate!)  relieved, 
and  sometimes  twenty-six  inches  in  length.l  For  what  pur- 
pose they  were  used,  Ciiptiiin  Beecby  laiew  not ;  but  part  of 
tiio  last  link  was  frequently  left  solid,  and  formed  in  imitor 
tion  of  a  whale ;  " and  these  chains  being  strong,-'  he  adds, 
"  may  in  some  way  or  other  be  appropriated  to  the  capture 
of  that  animal."  Men  and  women  are  generally  dressed  in 
clothes,  which  are  made  with  seams  and  edgings  precisely 
similar  to  tlioso  in  daily  use.  The  ivory  of  which  they  form 
their  models  is  cut  by  continued  chopping  with  a  knife,  one 
end  of  the  ivory  resting  on  a  soft  stone,  which  serves  as  a 
block.  To  smooth  and  polish  the  woric  when  finished,  a 
gritty  stone  is  used  as  a  file,  and  kept  constantly  wetted  with 
salira. 
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TAirteeMh  Letter  on  Gtaciert.     Addretud  to  Profeucr  Jame' 
tOH.     By  Profeasor  J.  D.  FORBES.* 

Aecehrafion  of  the  Hurfaev  Motion  ewtfirmrd—Xtui  Deter- 
tninatiimt  o/the  i'etofily  o/difmnt  Glaeien—DvKOVtry 
of  a  Knapnatk  bvried  leu  yeart  in  the  lee — ifaniter  (•/ 
Convertion  of  tA«  A'cwc  mio  lee — Manner  of  ejection  of 
Stones  from  Glan«rs. 

Mir  DEAR  SiE, — Since  the  completion  of  my  Twelfth  Let- 
ter, I  liave  obserred,  in  tlio  Compter  Jiendut  for  2Gtli  Octo- 
ber, nn  account  of  a  commanication  made  to  tlio  Academy  of 
Sciences  by  M.  Martinm,  of  an  experiment  on  the  relative 
motion  of  the  surface  and  inferior  port  of  a  glacier,  on  which 
I  have  also  made  the  experiments  detailed  in  my  Eleventh 
Letter  (dated  16th  September),  and  pnbliitbed  on  1st  Octo- 
ber in  The  New|  Edinburgh  Philosophical  Journal.  My  ex- 
periments, it  will  be  recollected,  were  made  at  three  points 
of  tlio  terminal  face  of  the  Glacier  dee  Bois,  and  proved.  a>  I 
had  long  ago  anticipated,  that  tJie  superficial  ice  baa  by  much 
the  most  rapid  motion.  MM.  Dollfiisand  Martina  arrive  nt  tho 
HAme  result,  establishing  the  desired  identity  with  the  motion 
of  rivers ;  but  their  experiment  being  made,  not  on  the  termi- 
nal/ace, hut  only  on  the  steep  lateral  face  of  a  glacier,  is  open 
to  the  possible  objections  which  I  anticipated  in  my  former 
letter,  and  which  1  carefully  endeavoured  to  avoid  (see  p.  41 9 
of  tlie  Eleventh  Letter,  and  fig.  2  of  the  accompanying  Plato), 
no  that  even  the  most  scrupulous  might  he,  if  possible,  satis- 
fied. It  is  pleasing  to  me  to  find  that  the  French  observers 
corroborate  my  result ;  but  I  must  remark,  that  they  obtain- 
ed it  a  fortnight  later,  and  my  puhllcataon  preceded  theirs 
nearly  a  month. 

I  Bhall  not  seem  to  insist  too  much  upon  the  coDclasire* 
nesB  of  this  observation,  when  it  is  recollected  that  an  oppo- 
nent of  the  Viscous  Theory  has  virtually  staked  the  question 
of  the  cause  of  glacier  motion  upon  such  an  experiment  (not- 
withstanding that  I  think  he  has  attached  to  it  on  undue  im- 
portance), in  the  following  passage  : — 

Tho  clauns  of  the  two  theories  (the  sliding  theory 
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"  and  that  of  plastic  motion)  will  undoubtodly  be  determined 
"  by  other  means.  The  obseT-vations  roquircd  arc  such  as 
"  Bhall  determine,  aa  far  as  poaaiblo,  the  motioaa  of  the  upper 
"  and  lower  surfaces  of  a  glacier.  Wc  may  never  hope  to 
"  hare  access  to  the  bottom  of  a  glacier  in  its  deeper  portions, 
"  but  at  the  extremities  of  glaciers  the  amount  of  sliding 
"  may  easily  bo  ascertained,  aa  well  as  at  many  other  points, 
"  probabiy,  if  sought  for,  along  their  6anks :  fissures,  also,  of 
*'  considerable  depth  are  not  unfrequently  met  with,  in  which 
'*  the  deviation  from  vertJcality,  if  it  exiat,  might  be  easily 
"  determined  ;  and  though  the  evidence  thus  obtained  might 
"  not  afford  positive  demonstration  with  respect  to  the  deepest 
"  portions  of  a  glacier,  still,  should  it  all  concur  in  shewing 
"  an  approximate  equality  in  the  motions  of  the  upper  and 
*'  lower  surfaces,  every  candid  and  Impartial  mind  moat  admit, 
"  I  conceive,  the  sliding  in  preference  to  the  viacom  theory ; 
"  but  if,  on  the  contrai^,  it  should  be  proved  that  the  velocity 
"  of  the  upper  bears  a  large  ratio  to  tliat  of  the  lower  surface, 
"  the  claims  of  the  latter  theory  must  he  at  once  admitted."* 
It  is  veiy  fortunate  that  independent  ohscrvei-B  on  different 
glaciers  should  have  arrived,  in  ignorance  of  each  others'  re- 
sults, at  eoncluBiona  which  permit  only  the  alternative  favour- 
abto  to  the  viscous  theory  to  be  adopted ;  the  observations 
having  been  made,  too,  one  at  "  tlie  extremity,"  the  other 
"  along  the  flanks,"  aa  suggested  in  this  passage. 

1  shall  now  proceed  to  conclude  the  account  of  the  moat 
material  observations  which  I  had  an  opportunity  of  making 
last  summer :  and  those  which  remain  refer  chiefly  to  three 
points:  (1.)  The  rate  of  motion  of  glaciers  generally,  and 
CBpQcinlly  during  the  summer  of  184C ;  and,  (2.)  To  the  con- 
version of  the  Neve  into  the  icy  condition  ;  (3.)  As  to  the  ap- 
parent ejection  of  stones  upon  the  surface. 


(1.)  RXTSB  OF  MoTioir. 

A.  At  points  frevioiialy  observed. 

It  ifl  very  interesting  to  compare  the  AnSUAIj  motion  of 

glaciers  in  different  years,  and  also  the  comparative  motions 
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of  a  g^ven  point,  at  tiie  siune  ncaBon,  in  diB^rent  vean.  I 
hnve  obtauted  sovornl  mch  rcsulla  on  the  Afer  <Ic  Glace  of 
Chnmouni,  all  of  wliicli  tend  to  shew  a  in«tk<>d  incrrcaae  of 

'  the  rat«a  of  motion  diirio^  the  two  years  which  have  elapsed 

flincc  my  last  measures  were  made. 

TTms,  at  station  C,  the  Pierre  Platte,  opposite  to  tlic  pro- 
montory of  Tacul,"  from  the  19th  Atipist  1844,  to  21st  Julj 
1840  (701  daj-s),  the  advance  was  622  feet,  or  10-65  inchei 
dully. 

The  following  little  Table  Bhcvs  the  rdAtion  of  this  to] 
former  yeops. 


1843-3. 

ISt3-4. 

]Sii-«. 

Daily  Jitotion  in  Iiicbes, 
Annuttl  Motion  ix  Fbbt, 

9-47 
288-3 

8-56 
8C0-4 

10-65 
323-8 

The  mpJin  vrloclty  was,  tlierdore,  about  a  fourth  par 
greater  in  1845-C  than  in  1843-4. 

The  following  Table  nhewa  the  da,ily  motion,  in  inc)i08, 
a  aerieB  of  transverse  stations  npiirly  opposite  to  the  Mon-1 
tanvcrt,  and  innrked  with  tlic  numbers  D2,  D5,  D6,  Dd*} 
since  the  commeneement  of  my  observationa.t     The  first  iq] 
order  was  about  100  yards  from  the  wcstom  shore,  D5  waa 
130  yai-ds  farther,  D  6  was  "5  yards  farther,  and  on  the  axis 
of  the  "  dirt-hatids :"  D3  was  60  yards  farther,  near  the  roc- 
dial  moraine,  and  about  350  yai-ds  fi-om  the  castera  side 
the  glacier. 

Jtf«an  Dail^  Malion*. 


L 

D2. 

DB. 

DO. 

ns. 

W 

1842,  Aug.  1-9,     .     . 

Juoh. 

16^0 

latlu 
24-7 

ihebf 

iDDlb 

1843,  Sept.  11-13,      . 

16-0 

1844.  Aug.  17-23,      . 

17  1 

23-3 

33-7 

25-9 

ISiC,  Julj-  23— Aug.  3, 

isr 

25-4 

SO-8 

2G-5J 

*  Bofl  TnivuU  in  the  Alps,  2d  Udii,,  p.  92  and  135, 4Dd  M»p  lanOMd. 

t  Tr»vBj<,  Sd  eJ.,  pp.  137-110. 

t  I'ron  SStb  Jsljr  t»  ad  Augait  only. 


r 

Rtlati 

Ratet »/  Motion. 
H  DaUy  Jfoffoiu,  D  2  tw'np  = 

1. 

li 

D2. 

DS. 

DC. 

oa 

184S, 
1844, 

184«, 

1-000 
1-000 
1-000 

1-333 
1-339 
1-404 

1>358 
1-362 
1*016 

1-367 
1-374 
1-486 
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It  will  b«  »Ma  llmt  both  tiie  nbKnlntc  and  rdntivo  motions 
were  markedly  gi-eater  in  184(i  tliaii  in  the  prevtoaB  years  ; 
ftud  thitt  this  also  agrees  with  the  annual  motions  at  Btation 
C  given  above. 

A  block,  on  the  ice  opposite  Les  Ponts  (between  Montanvert 
and  the  Angle),  marked  wiUi  the  letter  P  on  the  18th  Se]itera- 
bor  1843,  uovcd  486  feet  fi-om  that  date  to  9th  August  1844 
(or  331  days),  being  17-62  incliea  daily,  or  536  feet  annually. 
The  same  block  i-e-eiamined  on  the  16th  July  1B40,  had 
moved  776  feet  since  the  Dtli  August  1844,  or  only  13-2  inches 
daily,  or  402  fcot  annually.  Tite  rctui-dation  must  hi;  attri- 
buted to  Ihfl  block  having  been  tbi-own  almost  upon  the  mo- 
raine, aa  happened  to  the  block  D  7  under  similar  circum- 
Btancea.'  To  avoid  such  a  niiscliance  again,  1  marked  the 
poAition  of  a  fine  bloek  now  near  the  centre  of  the  Mer  de 
GUctt  opposite  to  Let  I'onls.    It  waa  painted  with  the  letter 

V  on  both  sides,  and  its  position  detenuined  witli  reference 
to  a  point  on  the  pntlitvay  between  the  two  P&nt»,  to  which 
it  w»8  exactly  opposite  on  tJic  30th  July  1840.  when  the  ob- 
•crvations  weva  made.     The  mai-k  is  a  «-o9B  witli  the  letter 

V  on  n  small  granite  block  solidly  placed  on  the  left  of  the 
pathway.  The  block  on  the  ice  is  760  feet  distant  from  the 
west  ihore. 

By  reference  to  my  Eighth  Letter,  published  in  this  Journal, 
and  to  the  fuller  details  in  the  London  Philosophical  Trans- 
actions for  1846,  on  the  Plasticity  of  Glacier  Ice,  it  nill  be 
recollected  that  I  made  observations  at  u  station  marked 
Q  between  Uie  Angle  and  Trelaporte.  This  station  was  300 
feet  from  the  west  moraine.  The  following  obacrrations 
were  made  lost  sunmiL-r  in  the  same  part  of  the  glacier,  at  a 
diftOQOe  of  663  feet  from  the  moraine : — 

*  See  firth  Letter  ou  Rtai^ion. 
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DaUy  Uotlon. 
InohM. 

July  23— July  30,    . 
July  30 — Aug.  3,    . 
Aug.  3 — Aug.  14,     . 

21-a 
SO-7 
211 

A  very  fiuo  block  of  granite,  mArkcd  K  in  oil  [uiint  on 
three  sides,  aboat  tlic  same  disUnco  afl  Q  from  the  west  mo- 
rune  (300  feet),  hod  its  position  fixed  on  the  36tlt  Aognit 
164-1,  and  was  found  thia  year  to  hare  moved  in  693  days,  to 
20th  July  IS4C,  1108  feet,  or  at  the  rate  of  no  1e«s  than 
l!)-2  inches  daily,  or  533'6  feet  annaally,  a  remarkably  rapid 
motion,  but  wliitb  «'aa  carefully  verified  by  two  concoi"dftnt 
measures.  The  rat«  of  motion  of  tliis  block  (engaged  as  it  waa  ■ 
in  tbo  great  crevasses  near  the  Angle),  from  the  23d  to  the 
30tb  July  I&IG,  was  11  feet  4-5  inches,  or  207  inches  daily. 

B.  At  points  not  bf/ore  observed, 
X  had  long  wished  to  aseertn-in  the  motion  of  the  ice,  which 
issues  from  the  very  remarkable  basin-sliapcd  glacier  of-j 
ToJcfre.  That  an  oval  circus  or  amphitheatre,  whose  length 
may  be  roughly  atated  at  4000  yards,  its  breadth  at  2000, 
entirely  filled  with  snow  and  ice  (excepting  tJie  rocky  islam! 
of  the  Jardin),  should  disgorge  itself  by  an  icy  stream  through 
a  chasm  lesa  than  700  yards  wide  in  its  broadest  part,  ap- 
pears to  me,  as  I  have  claewherc  stated  at  large,*  a  plain 
demonstration  of  the  viscous  theory  of  glaciers  ;  the  outlet  in 
this  case  acting  precisely  as  a  stream  does  to  a  lake  of  inde- 
finite extent,  as  a  mere  o^ei'flow,  or  trop'jileiti,  a  fact  only 
consistent  with  the  quaHi-Quid  motion  of  the  maas  so  <^-^ 
charged. 

The  great  distance  of  the  Talefre  from  habitable  Spots, 

renders  it  inconvenient  for  prolonged  experiments,  but  hav- 

ling  last  summer  twice  spent  the  greater  part  of  a  day  in  it« 

neighbourhood,  1  have  been  enabled  to  determine  wttb  e. 

ness  its  rate  of  motion. 

The  part  which  I  selected  for  experiment,  will  be 


I 


*  Loadun  Iliiloraphicut  Magaiine,  Klny  18t6,  pas°  ""■    (^oiDpoi^  th«  ni[i| 

of  tha  Mer  do  (ilniMi  <n  TVavtli  in  tht  Alfit  p/  ^uvny.     The  outlel  of  tlia  gUot* 
Ik  K«n  in  IIaU  II..  fig.  2.  lUMompftnyliig  tbc  present  I'ltpcr. 
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Hcod  from  tli9  liUIe  portion  of  a  map  containod  in  Plate 
!!-,  fig.  2,  on  Uic  same  sojile  as  my  large  map  of  the  Mer 
.[>;  Otace.  The  station  marked  W,  n«ar  the  foot  of  tixe 
Aiguille  dii  Motno,  is  a  eonsidernblo  block  of  graoite,  a  few 
rards  to  the  loft  of  the  usual  pathway  ascending  to  the  Jar- 
din  ;  and  iny  point  of  observation  was  permanently  marked 
(as  usual)  by  a  cross  cut  in  the  top  of  the  stone,  and 
paint«d  red  with  oil  colour,  and  the  letter  "W  by  its  side.  It 
is  not  many  minutes  walk  nhort  of  the  spot  where  travellers 
bound  for  the  Jai-din,  tinually  enter  on  the  glacier  of  Talefre. 
llcncc  it  will,  I  hope,  be  easily  recovered.  It  is  about  8700 
feet  ftbove  the  sea.  From  it  my  mark  on  the  Tacul  (station 
B  of  my  map)  could  be  distinctly  seen  with  the  telescope ; 
and  ft  transverse  line  across  the  glacier  of  Talefre,  in  which 
narks  were  placed  on  tlie  24th  July  1846,  made  an  angle, 
iritli  the  direction  of  B,  equal  to  98"  30'.  The  position  of 
this  line  of  stations  is  shewn  distinctly  in  the  smitll  map. 
It  will  be  seen  that  it  was  near  tlie  spot  where  the  contraction 
of  the  gorge  and  the  icy  stream  was  greatest,  in  ioct)  in  the 
throat  of  the  funnel.  The  inclination  or  slope  of  tlio  glacier 
in  the  direction  of  its  motion  was  inconEidcrable,  especially 
near  the  centre  and  the  southern  side  ;  and  the  ti-ansrerse 
crevasses,  which  are  here  just  beginning  to  be  nuraonms, 
are  evidently  owing  to  tlio  extended  influence  of  the  steep 
ice  fall,  which  is  not  many  hundred  feet  in  advance  of  tlio 
transverse  lino  selected.  The  gUcier  of  Talcfro,  higher  up, 
ia  remariiably  compact  and  united  ;  the  crevasses  few  and 
uiconsiderable,  particularly  on  the  northern  side.  The  cre- 
Tftsses,  as  they  present  themselves,  are  convex  towards  the 
origin  or  basin  of  the  glacier,  and  nj-e  here,  as  in  other  caaes, 
perpendicular  to  the  veined  structm-e  so  far  as  developed,  and 
which  was  quite  coiTCctly  laid  down  in  my  map  of  1842 ; 
tho  structural  bands  converging  towards  tlie  outlet  like  fila- 
ments of  "(vater  towards  the  contracted  vein  of  a  spout.  The 
curvature  of  the  crevasses  (seen  in  piano)  appeared  to  me 
to  have  a.  point  of  contrary  flexure,  as  shewn  in  the  drawing, 
dividing  them  mto  two  loops. 
I       Three  stations  were  selected,  as  shewn  in  the  plan.    The 
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coatral  one,  marked  (2.).  vim  pltced  un  Uie  moraine  dc»ocnd- 
inff  fi-om  tbe  Jnrdin.  No.  (I.)  whs  nearly  midway  between 
it  »nd  th«  iiortliern  Rhore  at  utatiou  W.  Here  there  is  u 
hollow  in  tlie  aurtace  of  tU«  glwier,  wliicli  was  thickly  covered 
with  inow  iii  the  end  of  July.     Al  (2.)  and  (3.)  the  ico  WM 

,  qutt«  bare  an<l  more  level,  but  nt  tli«  aame  time  moi-e  cro- 
raaiied, — tlic  crevoo&es  being  ri;markably  well  defined,  nar- 
row, rather  deep,  and  rectilincur,  or  uliiflitly  curved,  not  un- 
•ven.  No.  (3.)  waa  IOCS  feet  boyoud  (2.)  No.  (1.)  waa  533 
feet  northwardrt  fi-oin  No.  (2.),  and  WM  687  feet  di»tant  from 
the  northern  slioi-v.  Thene  JiatanoeK  were  ascorUinud  portly 
by  direct  meaaiirement,  partly  trigonomctTiciiily.  'i'hese  three 
points  were  tixed  in  tho  trannvcrso  visual  line  from  \V.  on 
the  24th  July,  by  forming  throo  perfectly  round  and  vei-ttcal 

{.holes,  no  leu  than  &  fi^ct  deep,  by  niennft  of  an  iron  Jumper. 
Being  examined  on  tbe  3Ut  July,  ai'ter  a  lapse  of  six  day« 
and  seventeen  hours,  the  moUoila  ivere  found  to  have  been — 


1 

No.  C1-) 

No.  (2.) 

No.  (3.) 

Ft.    In, 

Ft.    In. 

Fc     taji 

July  24,  9  r.H.  to  July  31, 10  «.»>, 

7    S-5 

8       9 

7    s-i 

Or  dailj  in  inoubs,              .             . 

19-9 

lS-7 

12'i 

By  a  romarknble  coincidence,  the  1st  and  3d  stations 
Iwen  so  symmetrically  ebosen,  as  to  have  prcciitcly  i}ui  &anif 
velocity.     The  middle  point,  as  uaual,  moved  fastest. 

This  velocity  will  bo  considered  to  be  large  when  wo  recol- 
lect the  great  height  of  the  glu>ciei'  above  th«  sea.  and  the 
Binall  inclinntion  of  its  surface  at  tlii.i  plaee.     On  tlio  ' 
band,  it  is  a  natural  conseinence  of  tlie  theory  which  reg 
tilts  nari-ow  outlet  as  the  overflow  of  a  vast  rcson-oir, 
which  snow  has  peculiar  facility  in  accumulating. 

I  nhall  now  mention  a  truly  remarkahle  circumstance  con- 
nected with  the  velocity  of  tbe  discharge  of  the  icy  strean^— 
which  empties  the  basin  of  Talefre.  I  was  nppHsed  by  Davii^| 
Couttct,  on  the  23d  July  last,  on  bis  rotum  from  looking  for 
crystals  on  tho  mornincs  of  tbe  Glacier  of  Ttilefrc,  that  ho  luuj^ 
found  opposite  to  Les  H^rakU  (see  the  map),  or  whei-o  the^ 
ioe  of  the  Talefre  joins  tbe  Glacier  de  Lechaud,  some  frag- 
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moots  of  A  knnpsAck  lyin^  on  tlie  ice,  wliicb  ho  at  onco  i-ecog- 
niBcd  to  bi>  tbe  aanie  as  hul  be«n  lont  by  a  guide  some  years 
Iwfore,  who  foil  iiilo  a  crvvaHSV,  where  hv  lind  tifiirly  ]>en3ho(l, 
in  Guaducling  a  trAvcllci*  to  tlic  Jnrdln.  Couttet  rinchtly  be- 
litved  tliat  tlic  dotcrniinatloii  of  tlie  motiou  of  the  ice  i»  the 
int«rv(i1,  itince  Llie  loss  of  the  knapBUck,  would  be  a  matterof 
interest  to  me. 

At  Die  sauio  time  Uio  ecoming  improbability  of  recovering 
K>  destructible  a  mntci-iiil  as  a  bag  or-  knapsack,  made  of 
elotli>  after  reniftiiiing  for  ten  yvars  in  tbo  bowels  of  a  glacier, 
was  so  great  an  to  make  me  resolve  to  iiiveatigute  the  matter 
tliorouglily  whilst  oit  the  spot- 
Tito  iioxt  day  I  went  to  the  Glacier  of  Talofre,  accompanied 
by  Couttet,  Balniat,  and  another,  and  Coultet  led  us  straight 
te  the  Hpot  marked  iu  tbe  small  map  (Plate  II.,  6g.  2), 
with  the  words  "  knapsack  found,"  a  little  higher  up  than 
where  tho  tisiuii  path  to  the  Jordin  by  tlio  ascent  of  "  Les 
Bgralets,"  leads  from  the  ice  to  the  ascent  of  tlio  rock  on  the 
left.  Just  whore  the  ice  of  the  Talefro  incorporates  itself 
with  that  of  Lcchaud.  and  at  the  distance  of  168  feet  from 
(lie  face  of  rock  which  bounds  the  glacier,  we  found  sororal 
fragments  of  strong  blue  and  white  cotton  stu9^  (now  shewn 
to  the  Society)  very  much  worn  by  friction,  but  by  no  means 
rotten,  ond  not  discoloured,  with  portioiis  of  very  strong 
straps  and  loops  juirtly  attached  to  it  of  tiRured  tope,  which 
bad  formed  tho  attachments  and  shoulder  straps  {bretelht)  of 
the  knapsack.  Deaide  them  were  pieces  (or  a  piece)  of  bottle 
glass.  Bahnat  immudiatdy  contirmed  Couttet's  recollection 
ef  thorn  as  ports  of  tho  identical  bag  lost  by  Jullien  Du-vouas- 
MM  ten  }-ears  before. 

Now,  to  explain  how  Couttct  and  Batmat  were  in  a  posi- 
tion to  speak  so  positively  to  tlio  identity  of  the  fragments, 
I  must  observe,  that  Cuuttot  was  tlicn,  and  lias  been  ever 
aioce,  lefisoo  of  tho  pavilion  at  Montanvert,  and  that  the 
knapsadc  ia  cjucstiou  teas  hi»  property,  and  wan  left  at  the 
Montanvert,  for  tho  exjiross  piui)oBe  of  carrying  provisions 
for  travellem,  who  then,  much  more  rarely  than  at  present, 
visited  tbe  Jai-din.  Auguste  Balmat,  my  guide,  was  at 
thftt  iitae  servant  to  David  Oouttet.  and  kept  tlie  pavilion 
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uodor  him,  and  bad  very  often  carried  on  his  bock  this  rer^ 
knapuck.  The  fig:urcd  stripe  of  gt-cen  and  puri>lo  on  the 
abooliJer  straits  was  rorjr  nuirkcd,  and  could  not  eiwi]y  b« 
n^Staken.  The  testimony  of  thcHc  two  men  wim  thcrofore 
pei-fectiy  iMthentio,  but  t  verified  it  by  questioning  the  rery 
Jullicn  Midtcl  DcvouMsou  himself,  who  is  still  »  guide  at 
Chamouni.  and  wlio,  oo  Mcing  the  fr&gmcntB,  offered  to  Tcrify 
them  upon  oath.  The  accident  occurred  thus : — On  the  29th 
July  183C  (or  ton  years  all  but  fire  days  from  my  recovering 
the  fragments),  Dlvouosbuu  iiccom[vAnic<l  ft  ntrunger  to  the 
Jardin,  taking,  us  usual,  the  knapaack  A^m  the  Montoiivert, 
with  a  supply  of  bread,  cliceso,  and  utno.  Tliey  arrivecl 
without  accident  at  tlic  tup  of  the  Courercle,  between  the 
Aiguille  du  Heine  and  tlie  Glacier  du  Talefre ;  and  when  at 
the  point  marked  in  the  accompany log  sketch  witli  the  worda 
"  Knapsack  loHl,"  the  guide,  to  shurteu  the  way,  attempted 
to  take  an  oblique  course  to  the  Jardin,  instead  of  following 
the  usual  track  on  firm  ground  round  the  foot  of  the  Aiguilloif 
du  Moinc,  and  then  turning  nharply  to  the  right,  so  a»  to' 
make  the  passage  of  the  glacier  as  short  as  possible.  The 
ice  on  ivliieh  he  ventured  was  partly  covered  with  snow,  aa 
is  almost  always  the  case  there  in  July,  and  near  the  edge  it 
was  also  full  of  concealed  fisaures.  Into  one  of  these  the 
guide  suddenly  di-opped,  leaving  the  astontslied  traveller 
alone  in  this  witdemeHA  of  rooks  and  ice.  After  vainly  call- 
ing to  his  guide  and  obtiuning  no  answer,  he  left  the  place  in 
despair,  and  returned  to  tlie  Moutonvcrt  by  tlio  way  he  had 
come.  Devcmassou,  hoivevvr,  having  reached  the  bottom  of 
the  crevasse  but  little  hurt,  managed,  by  the  aid  of  his 
pocket-knife,  to  cut  steps  in  the  walls  of  ice,  and,  finally, 
with  gn?at  exertion  and  suffering,  to  raise  himBclf  to  the  sur- 
face, and  make  his  escape,  leaving  behind  him  his  knapsack, 
of  which,  of  course,  ho  had  first  diBemborrassed  himself. 
,  Astonishing  fact !  that  the  yet  undeeayed  vestiges,  together 
with  a  part  of  even  the  very  bottle  which  formed  hia  burden, 
should  be  brought  to  light  on  the  surface  of  the  ice  after  ten 
years  friction  and  onward  movement!  I  took  pains  to  mca< 
sm-e  angles  with  my  theodolite  at  each  point,  nhich  enabled 
uie  to  project  them  with  tolci'able  accuracy  on  the  mjip,  aa 
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shewn  in  tlie  Plate ;  an<!  I  a8c«i-tainod  Ly  the  liai-ometei-  tho 
difference  of  level  of  Un:  livo  pQints,  and  also  their  olcvation 
nbovD  tlio  scft. 

]IC'ij;ht  nbove 

tllC  ^VH. 

English  Vnel, 

Knaptoolc  laxt.  Oltuiier  du  Tale&e,  39th  July  1S36,         S657 
Knniiiack  fuund,  Gkoier  da  Lcchaud,  S4i]i  July  Idld,  7al3 


Differonce  of  Level, 

1145 

Horizontal  dUtunce  moved  over. 

430a  feet. 

Declivity,       , 

.      14"  55' 

Annual  molion,       . 

430  fact. 

Tliia  motion  harmonises  suffiL-iontly  woll  with  the  nurabera 
touDil  ill  pago  142,  if  wo  allow  for  the  acceleration  manifestly 
dae  to  tJie  rnpiJ  declivity  whicli  commences  immediately  be- 
low Btatiou  W. 

This  interestiug  discovery  forms  a  curious  pendant  to  the 
history  of  Do  SauBsure's  ladder,  believed  to  have  been  found 
in  fragments  opposite  Trelaporte,  as  fully  detailed  in  my 
Travels,  page  HO ;  hut  this  new  case  is  mucli  better  ascei^ 
tained  in  alt  its  part4culars. 

I  may  here  mention,  as  the  subject  suggest*  it,  another 
proof  of  the  extraordinarily  conservative  power  of  the  ice 
even  ii)>on  tlie  most  seemingly  dcstrnctible  bodies.  On  tlie 
20tli  July  1846, 1  found  on  the  surface  of  the  ice  at  station 
Q  (opposite  the  Glacier  of  Charmoz),  all  within  a  few  feet  of 
each  other,  four  of  the  small  wooden  pins  which  I  had  left 
there  in  making  the  experiments  in  August  1S44,  described 
in  my  Eighth  Letter,  aquantity  of  the  tliin  string,  and  pieces 
of  the  birch  broom  then  used,  and  even  a  quantity  of  the  loose 
straw  which  I  ui^ed  to  wrap  round  my  shoes  in  cold  weather. 
rkcRC  were  neither  decomposed  nor  blown  away  by  tho  winds, 
nor  had  tliey  fallen  into  any  of  the  numerous  crevasses,  but 
were  lying  on  the  surface  of  the  glacier  (a  very  different  sur- 
fnco  of  course  from  that  on  which  they  had  i-eally  been  left), 
tks  if  they  had  been  in  use  at  moat  but  a  few  weeks  before. 

Glacier  rftf  Nanl  Ulane. — This  is  a  small  glacier  descond- 
ing  from  the  foot  of  the  Aiguille  de  Dm,  exactly  opposite  the 
M.OQtiuiTCrt.     I  visited  it  for  the  tii-st  time  in  \H6.    Its  form 
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and  position  will  be  uiidcrstood  from  a  reference  to  the  gene- 
ral Map  of  tli«  Mer  dv  Glooe.  It  is  sliii|»cd  Homowhat  lihe 
a  tongue,  itnd  U  stt-ep,  n-iihoat  b«ing  mui-li  crertissed  or  rny 
uneven,  at  least  in  ita  middle-  region,  wliero  it  is  abont  1040 
feet  broad,  where  cattle  are  every  year  compelled  to  travemc 
it;  yet  even  there  it  han  an  inclination  of  18"  or  20'  near  itK 
centre.  Tbi»  glacier  terniiiiatea  at  a  considerable  lici;;ht 
above  the  Mer  de  Glace,  and  gives  rise  to  tin:  Nant  Blanc,  a 
torrent  which  givcii  Its  name  to  the  glacier,  and  whose  vo 
liun«  Mid  ftjipearancc  i»  xtibject  to  rcmariiablc  olianges.  de 
pMtdiog  upon  thv  Htato  of  the  weatlier.  It  is  supported  on  i 
vast  pile  of  blocks  which  it  lias  brought  down,  and  which 
fonan  its  monunc ;  and  whilst  on  the  left  bank  the  ice  over- 
haiDgs  the  moraine,  on  the  riglit,  the  latter  being  elevated  in 
a  mound,  forms  a  barrier  to  the  former.  This  glacier  has  a 
very  8ma.ll  and  crevassed  nfvf,  taking  itw  origin  amongnt  tbo 
rugged  rocks  between  the  Aiguilles  of  Dm  and  Dochurd. 
The  veined  structure  of  tlie  ice  of  tjie  glacier  is  perfectly  oor- 
tnal,  exhibiting  the  parabolic  loops  ivith  the  frontal  dip  in- 
wards, ltd  general  form  resembles  that  of  the  Glacier  des 
Bossons. 

I  stationed  my  theodolite  on  the  northern  moraine,  and 
fixed  a  station  towards  the  centre  of  the  glacier,  or  rather 
on  the  axis  of  the  Etintctural  bands,  which  usually  intimntca 
the  point  of  swifteBt  motion.  The  inclination  of  the  glacier 
was  here,  as  already  mentioned,  18"  or  20".  Notirithstanding 
tliis  great  dccUvity,  the  mean  motion  from  August  4  to  Au- 
gust 16,  was  only  9-y  inches  daily. 

Glacier  du  Miage. — In  order  to  complete  here  tJie  observa- 
tions on  tho  velocity  of  raoijon  of  different  glaciers,  I  shall 
include  those  made  alao  on  the  south  side  of  Mont  Blani^| 
I  bad  intended  to  have  made  a  cooslilerablc  number  of  cvpcri- 
ments  on  the  remarkable  Glacier  du  Miage,  fully  described  in 
my  Travels,  Chap.  X.,  hut  I  found  it  less  suitable  tlian  I  cxS 
poctcd.  I  renewed,  however,  ray  siin-ey  of  all  the  middle 
region  of  the  sliicicr ;  and  I  aHCeHaincd  the  motion  of  its 
central  pai-t,  between  the  two  medial  moraines  at  its  issue 
into  the  valley  fi-om  between  the  colossal  mimmita  of  the 
Aiguilles  RoKgcs  and  iloni  Broglia  ;  in  fact,  at  a  point  n< 
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til*  letter  r  of  the  word  "  Gkcier  "  on  the  eyfr'«keich  of  a 
iHHiiind  plan  of  tho  glitcifir  in  my  published  yolume.     From 
tli«  7tti  to  the  10th  An^ust,  I  found  tho  daily  motion  to  b4 1 
99  inches ;  or  the  very  game  ns  that  just  given  for  the  OlBoiep 

r  An  Naflt  Bl&nc,  than  which,  two  cnuiiot  be  more  dissimilar. 
But  the  smallness  of  (he  motion  in  tho  latter  caso,  is  dae  to 
the  great  height  and  very  small  neve  or  reservoir ;  in  the 
former,  to  tlio  exceedingly  slight  declivity  and  enormous  fron- 
tal resintanco  to  the  exit  of  tho  gliu;ier  into  tlic  Alice  Blanche, 
already  encumbered  with  its  ponderous  mnHH  and  debris. 

Whilst  speaking  of  the  Glacier  de  Miugc,  1  may  add,  that 
I  found  on  the  moat  westerly  of  tho  medial  moraines,  dark 
blue  lias-schiat,  which  undoubtedly  comes  from  tho  very  axia  j 
of  this  granitic  ehaio,  where  it  has  not  hitherto  beeu  Huapected  ' 

,  to  exist.  Also,  that  a  repeated  nxamination  of  the  curious 
"ancient  moraines,"  forming  semicirculai-  embankments  t*>. 
wards  the  Lake  of  Combal,  described  in  my  Travels,  p.  194, 
and  figored  in  the  eye-sketch,  has  couvinced  me  that  thcKe 
caanot  be  of  so  old  a  date  as  I  then  believed  ;  but  are  due  to 
atemporary  outbreak  of  the  glacier  at  some  not  Tei7  remote 
period,  when  tlie  acctunoktion  of  pressure  of  the  ice  ban  been 
nncli,  that  an  oee^rfiotc  took  placo  laterally,  which  deposited 
iJicse  moi-aines  in  succession  as  it  retired,  and  tlic  glacier 
reirratod  to  its  present  limit.  I  found  an  exactly  analogous 
case  in  the  Ubicier  des  Bois,  at  OiumDuni :  which,  at  some 
ptriod  not  on  rc-cord,  ha&  thrown  out  an  arm  between  the 
Cbapeau  and  the  Coto  du  Figet. 

Having  fully  descnbcd  th«  measm-es  of  the  Glacier  of  La 
BrenvA  in  ray  last  letter,  I  shall  not  here  return  to  them. 

Thus  I  have  bt'cii  able  to  add  the  velocity  of  four  aiidittunal 
glaciers  to  the  small  number  previously  ascertained.  I 

(2.)   ON  THE  tOSVBRRlOS  OP  THE  Sfevft  IXTll  ICE.  \ 

I  shall  now  add  a  few  observations  tending  to  throw  light 
on  two  of  the  most  obscure  glacial  phenomena,  first,  the  con- 
version of  the  snow  of  the  Neve  into  pure  ice,  and,  secondly, 
on  tlio  apparent  ejection  of  stones  from  the  surface  of  the 
glacier. 

On  the  first  point,  I  made  «onie  interestiiiff  observations 
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on  the  biglter  part  of  tlie  Gliwiur  d«  Ucant,  where  the  Btil 
Bnowj-  ice,  mArk«d  witli  tlio  boruontal  odduaI  ttlraU.  is  sliovn 
violently  down  tlio  steep,  wlitcli  occiiMons  tlic  scene  of  <l«^ 
solato  oonftiBioQ  betwcfu  the  Aisiiillo  Noire  and  the  roci 
called  Lo  Petit  Rognoii.    The  structure  of  the  interior  of  the 
embt7o  glacier  is  here  perfectly  disclosed  by  the  prodigious 
T«rtical  rents  which  make  the  scene  a  true  ^ant'it  staircase  i.^j 
the  ic«-falU  succeeding  one  another  at  regulat«d  intervaUjfl 
which  appear  to  correspond  to  the  renewal  of  each  eiunroer's 
activity  in  these  realmn  of  almost  perpetual  frost,  ivheu . 
sn'ifter  motion  occasions  a  more  rapid  and  wholesale  projcc 
tion  of  the  mass  over  the  steep,  thus  forming  curvlliucii 
teiTftccs  like  vast  stairs,  whieh  appeur  aftenvanls,  by  conso*' 
lid»tion,  to  form  the  remarkable  protuberant  nTinklcs  on  the 
sm-facc  of  the  Glacier  du  G^ant  described  in  my  I'lAh  let- 
ter.*    But  the  point  which  nt  pi'esent  concerns  us  is  tbU| 
that,  according  to  the  best  observations  which  I  could  make, 
the  stratified  appearance  of  the  Neve  disappeared  at  a  depth 
inconsiderable  compared  to  the  vast  vot-tieal  sections  there 
exposed,  and  the  interior  of  the  mass  was  granitlar,  and  triik- 
out  atruclure  or  tands  of  any  kind.  4 

I  drew  the  very  same  conclusion  from  an  attentive  snrvey 
of  tlie  Glacier  de  Talefre,  which  is  peculiai-ly  calculated  lOj 
throw  light  upon  this  question,  and  I  shall  state  the  res 
of  my  observations  there  nearly  in  tlie  words  in  which  I 
corded  them  immediately  after  they  were  made.     A  lit 
higher  up  than  the  usual  passage  of  the  glacier  to  the  Jardif 
or  near  the  upper  limit  of  the  sketch,  Plate  II.,  fig.  2,  the 
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*  It  U  not  unimportant  for  trivvltan  lo  \a  nvnra  tbftt  in  mBMn*  lilcD  IS 
of  uqiieudI  u-nrmth  nnd  nclivity  nujocgit  the  glu'ivra,  (he  diilcKBtloii  nod  p 
cipilous  subiidencc  of  the  iBbular  iiiaMCJof  the  Sivlj  Uoccailcmillf  nocomjilHte 
as  nlKnltitplji  lo  iltlrLT  n  pajiugc,  ot  Icnst  williaat  the  birlp  of  t,  t>d(l«r.     TbI 
WHS  t!)u  cosa  wlioii  I  nsvcnded  ttio  UtncliT  du  Geunt  on  th«  14th  Aiigiuit  latt, 
wiov  hridge  by  vhicli  Eomo  travvUcra  hud  cffectFd  a  pUHagn  u  fortnight  bcfi 
bftnng  wustcti  nun]'.     I[ail  tntf'lk'rs  nt  tbiil  time  cros^cj  tho  Cut  du  CU<. 
froni  I'ourniojour  to  CJmniiiuoi.  Ihej  might  hme  foonJ  tholr  dinriinl,  if  not 
tmjmclicubl*,  nt  Unet  uiost  pcriloas.  uid  to  return  from  tuch  a  diitanfa  wouU 
1)11*0  bMrii  nn  Almost  cqunlly  dijlretaiiig  ftltcnintivr'.     On  thl)  account  It 
adviwbte  U  ntke  thia  f  uiu^  fram  the  side  i>f  Chamouiii. 
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iinmial  layers  of  the  N^erS  aro  seen.  But  these  wholly  dis- 
appear farther  down ;  the  gi-eat  body  of  tho  ice  in  the  hollow 
of  the  basin  exhibits  little  sign  of  fitructure ;  only  neai-  the 
lateral  and  medial  moraines  the  Btractiiro  is  icy  and  vertically 
veined,  elsewhere  it  is  decidedly  snony,  with  hardly  any  trace 
of  bands  either  verticJil  or  horizontal.  This  is  true  even  as 
itr  down  as  the  line  of  stations  W  in  the  figure.  The  gene- 
ral disposition  of  the  structural  lines,  where  thoy  exist 
(which,  it  ts  to  he  recollected,  are  almost  vertical),  ia  seen  in 
llie  Sftme  figure  perpendicular  to  the  crevasses.  From  these 
fiwts  I  conclude,  Jirst,  That  the  vertical  stinicture  is  too 
clow  to  the  original  strata  of  the  Neve  to  allow  of  the  suppo- 
sition that  these  have  all  of  a  sudden  turned  np  vertically  in 
tome  parts  of  Uie  glacier,  and  disappeared  in  (he  remainder. 
.I3tf/jr,  That  where  the  vertical  bands  are  not  developed  in  the 
ligher  glacier,  the  structure  remains  snowy  and  undeiined. 
Sdty,  That  the  conversion  info  ice  is  simulfaneoiis,  and  in  ffiis 
ni*c  identical  tciih  the  formation  of  (he  blue  bandt.  •ithli/. 
That  the!)C  hands  ai'e  formed  where  the  pressure  is  most  i&- 
tenso,  and  where  the  differential  motion  of  the  parts  is  a 
maximum,  tliat  is,  near  the  walls  of  the  glacier ;  but  being 
once  formed,  it  etill  continues,  at  least  for  a  time,  to  be  ob- 
served under  the  medial  moraine,  and  tliis  may  even  be  traced 
throughout  the  ice-fall  of  the  Talefi-e. 

I  am  satis&ed  then  (and  it  is  only  after  long  doubt  tliat  I 
Venture  this  confident  expression),  that  the  conversion  of 
mow  into  ice  is  due  to  the  effects  of  pressure  upon  tiie  loose 
and  porous  structure  of  the  J'ormer ;  that  the  very  first  effect 
'a  to  annihilate  tlie  annual  strata  of  tlie  Nivi,  and  that  the 
most  rapid  glacification  is  effected  by  the  kneading  or  work- 
ing of  the  parts  upon  one  another,  by  the  differential  motions 
which  the  semi-fluid  law  of  glacier  progression  occasions, 
»(!  which  also  necessai-ily  takes  place  under  intense  pres- 
sure. 

The  belief  which  I  formerly  (ia  common,  probably,  with 
nost  other  persons)  entertninud,  that  suow  could  not  pass 
into  pellucid  ice  without  heing  tirst  melted  and  then  frozen, 
woB  part  of  the  chemical  prejudice  that  molecular  actions 
cauinot  take  plstcc  except  in  the  liquid  state,  a  ^irc^advee  wvn 
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diupiiUrinK,  u  tbe  Bu)>joiD<>d  note,  on  the  very  competent 
Rutbority  of  M.  Gay  Lussac,  shews.*  The  crystalUno  forces 
^ct  OD  the  Hitowy  frrnnules  when  broiigbt  into  close  contact 
by  prosiurc,  ad<1  Utc  imprisoned  air  is  Uien  diatributed  in  the 
diroction  of  the  tiHet  of  ttaring,  in  the  form  of  Isyera  of  regu- 
lar globulcH,  juRt  aH  in  the  case  of  tbe  banded  lavas  whiclkH 
have  been  »o  well  described  !ij-  ilr  Dorwin-f  Ilisbop  Kenda,^ 
whom  I  had  the  pleastin;  of  visiting  at  Annecy,  remarked 
a  familiar  circumstaoeo  which  illuHtrates  the  same  thin, 
Wc  often  «ei>,  in  the  coldcBt  weather,  that  opiniuc  snow 
converted  into  transluoent  ice  by  the  sliding  of  bojn  on  i 
aurfaco ;  friction  and  preB^nro  alone,  withwit  the  elighteit 
thaw,  effect  the  cban^,  which  must  take  pkcc  bUU  more 
roadilj  ill  the  gIacit.T,  where  Iho  mass  i»,  during  a  great  part 
of  the  year,  kept  on  the  very  border  of  tltawing,  by  the  ice- 
cold  water  which  infiUnitcs  it.  In  thiH  condition,  molecular 
attachment  amongKt  the  granules  must  be  comparatively 
easy,  and  the  opacity  disappears  in  proportion  aa  optical  co 
tfl«t  is  attained.  Most  evidently,  also,  tlio  icy  Ktniutm'o 
first  induced  near  the  sides  of  the  glacier  where  tbe  pressu 
and  working  of  the  interior  of  the  ice,  accompanied  with  i 
tense  friction,  comos  into  play,  and  the  muItitudiDoiiB  in 
pient  tissurea  occanioned  by  the  intcn»e  eti'ain,  are  rcunit* 
by  the  simple  effects  of  time  and  coheaion.J 

•  "  U  nV'"t  pliia  jiuroiii  aiyourdbui  il'sTuir  una  fui  sveugls  M  pHnt^pe 
bttDiLloment  rbpel^  dei  ancioas  ChloiletM,  torpan,  iiott  ayutat  nM  lolMa.     11 
certuin,  au  eoiitralro,  qu*-  tons  \it  carps,  solidce,  liquid^F,  et  itriform^.  agliicnt 
Ice  mii  sue  lei  nutrcs,  niolj  que,  dei  Irols  etuM  ilus  uorps,  I'lilat  tulide  «i>t  la 
molne  fmroralfle  a  reisroics  de  I'lUSnlti.'' — Jnnalu  d»  Vhiaiit  It  d*  I^ydjiu, 
Juin  ISie,  p.  £31. 

t  On  VokuDid  Islinds,  and  In  PliiloaopliiPiil  Mngaiinc.  April  18*3. 

J  A  vory  rooitrkulile  peculiarity  h  ohtervvA  in  «onie  or  (be  gloclcn 
SwiUcrlan<i,  wllloh  diEtinguisbea  lb«iii  (eriia  Ihe  more  rapid  and  (irpcipiii 
OHM  of  Ssvuy.     Tbo  gluclore  of  die  Air,  Rlionc',  and  Grout  Alslch,  exhibit 
dogroo  of  cfyitiiUijiB  at'-iteinn  ivbicli  I  Iiilvg  aowb^ri!  a\ge  olevrvpd ;  broad, 
mlnntcd.  cvvitalllne  plolct  fnol  unliVo,  In  geiierol  i\xi>  nnil  poliih,  ta  llitn«  of 
bypcirrtliviii!  ill  li}>persthi>np  ro«k).  shrvi  u  develapmcnt  of  crj/aUJllii  iig  force 
wblcli  iiiuut  iividonlly  be  the  ciritct  oftoug  tiuiv,  nnd  pmlmldy  nf  rompiiratlvelv 
tlaw  lagUOD.    Tbu  ruflactimi  of  the  Eun  or  mouii-beain  Ooin  tbaac  plnta*  gir 
U  Um  gladcn  I  have  montJuDed  a  doiiling  clTecti  which  I  b»yt  uul  olnerTed 
ttM  glMlan  t^  the  Pennioe  Cli&in. 
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We  fu*c,  tlioKfiLM'O,  rolierod  from  tlie  difficulty  of  account- 
bg  for  Uio  cold  wluch  would  he  nccesaary  to  freeze  the  infil- 
trated water  wbith  was  at  one  time  believed  ueocHHary  to  ex- 
plain the  conversion  of  tlie  ww  into  proper  ice.  This  would 
be  liable  to  most  of  the  objections  ui^ed  against  the  DUata* 
tioa  Theory. 

(3.)   0»  TUB  FJ!t»T  APPEAJtAXCB  OF  STOSTES  (sKKATlCl)  OX  TH8 
fiUIIFACt:  OF  GLACIERS. 

I  shall  conclude  this  ]etl«r  with  a  few  very  partial  ob- 
■crvAtionit  upon  what  I  must  consider  as  one  of  the  pheno- 
mena of  glacier^  still  obscure  as  to  its  explanation,  although 
most  familiar  n»  a  fact, — I  mean  their  HuppoBod  tendency  to 
PDJect  impurities,  and  the  undoubtod  fact  that  stones  are  al- 
ways found  near  or  upon  tlie  surface  of  the  ice.  It  ia  strange 
tliai  it  Hhould  not  have  occurred  to  every  one  who  souglit  to 
ezpliUD  the  appearance  of  stones  on  the  surface  by  the  aUa- 
lioH  of  the  ice,  that  in  order  to  an'ive  there  at  all,  the  blocks 
must  previously  have  been  imbedded  in  the  virgin  ice,  where 
popular  belief,  and,  generally  speaking,  more  accurate  obser- 
TKtione  nlito,  give  tbem  no  place.  Yet,  in  the  tlionsandB  of 
CTOTatuiea  which  an  active  observer  passes  and  examines  in 
a  week,  how  few  cases  of  imbedded  stones  in  these  vast  vcr- 
ttoal  sections  are  ever  visible  1  I  might  almost  ask  whether 
tiiey  are  ever  seen,  except  in  the  neighbourhood  of  tlie  sides 
(tf  a  glacier,  i.  e.,  under  the  latei'al  moraines ;  and  even  there 
bow  rare! 

The  object  of  the  present  memorandum  is,  on  the  one 
band,  to  direct  attention  anew  to  the  apparently  perpetual 
paradox  which  tbe  glaciers  present  in  this  respect,  and 
which,  I  am  persuaded,  offers  something  yet  for  carefiil  ob- 
wrvation,  and,  on  the  other,  to  give  what  seems  to  me  in- 
controvertible evidence,  that  what  I  have  so  seldom  seen 
myacif  must  yet  esist,  and  that  stonea  are  actually  extrud- 
ed, altlioogb  ill  »  peculiar  manuer,  from  pure  Ice,  or  at  least 
txpettd  by  the  ablation  of  thu'  surface. 

In  my  Travels,  p.  241,  referring  to  the  excessively  gradual 
development  nf  the  moraine  of  Ln.  Noire  on  the  Mer  de 
Glaoe  of  Obamoni,  I  stated  my  belief,  tliat  this  moraine  was 
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btit-ied  in  a  fold  between  two  glacU>r«,  one  of  whicli  had  otpp- 
flowod  ilie  other,  and  that,  as  the  upper  glacier  decayed 
away,  the  rocky  fragments  were  atrewed  on  tJic  surface.  Ji,, 
fresh  examinntion  «f  l\u:  «aiiie  localities  leaves  mo  in  tlifl^ 
uunu  wajit  of  direct  proof  of  thin  fact,  but  the  difficoltj-  of 
explaining  it  othcrwicte,  makes  me  suppose  my  former  Tiew 
correct. 

The  extruded  stones  on  the  Glacier  da  "Stmt  Blanc,  near 
Chamouni  {alluded  to  in  the  first  part  of  this  letter),  present 
a  verj'  i-emarkable  appearance,  imperfectly  shewn  in  Plate  II., 
fig.  6.  The  right  bank  of  this  glacier  (that  which  appears  on 
the  left  of  the  tigtire  as  seen  from  a  distance)  is  at  first  bounded 
by  rocky  Kunimits,  but  in  the  lower  part  of  its  course  by  a 
monnd-llke  moraine  of  the  usual  form.  The  surfaoe-blodt* 
can  only  be  derived  from  the  precipices  near  the  origin.  Yet 
they  do  not  even  appear  on  the  surface  opposite  to  the  rocks, 
but  only  opposite  to  tlic  moruino ;  and  they  increase  in  num- 
ber and  quantity  towards  the  lower  end  of  the  glacier,  where 
they  almost  blacken  the  surface  of  tho  right  side,  tlic  loft  side 
remaining  almont  clean.  It  in  diihcult  to  believe  that  this 
accumulatiom  is  not  due  to  the  gradual  denudation  of  tho 
blocks  by  the  melting  of  the  ice  in  which  tliey  have  been,  in 
tome  way  op  other,  imbedded,  but  it  is  scarcely  less  difficult 
to  admit  that,  having  fallen  from  the  rocks  above  the  Hivi, 
they  should  have  remained  unperceived  in  the  ice  during  all 
tlie  intermediate  space. 

To  take  another  example.  The  glacier  of  the  Rlione  is 
distinguished  by  the  exti-aordiuary  purity  of  its  surface,  and 
the  consefjucnt  absence  of  latci-al  moraines.  But  this  gene- 
ral freedom  from  stones  on  the  iiurfacc  ia  subject  to  one  ex- 
ception, which  is  remarkable  : — Stoties  beffin  to  appear  at  the 
turface  on  the  terminal  slope  at  a  comiiferal/le  height.  Ilonr 
came  they  there  \  Not  a  stone  the  size  of  tlie  fist  can  be 
seen  on  the  surface  farther  up;  and,  in  examining  a  num- 
ber of  tho  crevas.ses,  1  could  not  see  any  engorged  in  the 
ice.  The  explanation  seems  to  be  that  the  stones  are 
actually  inti-oduced  into  the  ice  by  friction  at  tho  bottom 
of  the  glaciei',  iind  fmced  upwards  by  tho  action  of  tho 
fromtal  remtance  which  produces  the  frontal  dip  of  the  veiin 
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riructure,  and  they  are  finally  dispersed  on  ihe  siirracc  by 
the  melting  of  the  ice.  AS^at  is  liere  supposed  to  occur  is 
illustrated  by  an  ideal  section  of  the  glacier  of  tlio  Rhone, 
Plate  II.,  6g.  7,  where  tlie  cm-ves  of  ejection  are  identical 
Tfith  those  oi forced  eeparalioH,  causing  the  frontal  dip  of  the 
leined  stractiire  ;  and  this  view  is  confirmed  hy  what  I  have 
ftften  observed,  particularly  on  the  (>lacier  of  BosHons,  that 
the  veined  structure  in  contact  with  the  lateral  moraines 
becomes  »oi1c<l,  »iid  that  dirt  and  stones  may  bo  traced  along 
die  course  of  the  structural  bands  from  the  moraioe  to  a  con- 
tjderablc  depth  in  the  ice.  The  action  there  ia  in  tlie  hori- 
(tntttl  plane,  what  we  here  suppose  to  take  place  in  the  ver- 
tical, and  which  the  now  established  retardation  of  the  lower 
Itrata  permits  us  to  assume  as  exactly  a  similar  actiou.  I 
hftTO  no  doubt  that  a  similar  ejcplanation  applies  to  the  gla- 
cier of  the  Nant  Blanc,  and  to  other  f5:laeiers." 

Before  closing  this  already  too  long  letter,  I  wish  to  record 
in  observation  already  made  by  me  in  1844,  but  which  I 
brettiitcd  to  publish  because  the  sketch  representing  it  was 
made  from  memory,  and  not  upon  the  spot ;  but  I  have  now 
verified  it  both  in  the  same  and  anothoi-  locality.  It  is  re- 
presented in  Plate  II.,  fig.  5,  where  b  d  is  part  of  the  wall 
of  the  glacier,  whit-h  is  about  to  turn  at  a  considerable  angle 
with  its  former  direction  (it  is  at  tlie  well-known  part  of  the 
Mw  de  GInco  named  V Angle),  I  knew,  from  long  experl- 
eiH!«,  tliat  the  ice  here  pi-esenta,  year  after  year,  compact 
ridgeii,  8ach  as  a  ^,  c  d,  parallel  to  oue  another,  and  separated 
by  ft  mass  of  crevasses  which  it  ia,  generally  Bpoaking,  impos- 
Rible  to  cross ;  and  any  one  who  attempts  to  traverse  the 
more  crevassed  portions  of  the  glacier  without  attending  to 
tliis  peculiarity,  will  infallibly  lose  his  way.  But,  as  the 
drawing  explains,  the  direction  of  tliese  ridgea  by  no  means 


*  It  will  be  Bsea  tbat  lliis  eijilBnalion  niil  give  an  eleiatory  force  (9  tbe  tee 
fonlkt&ing  blocks  liniilur  to  ilmt  wlilch  )>o  Charponticc  (Ettai  tvr  la  GlaeUn, 
t  SC)  MCribcd  (a  the  cipunbion  vt  tlie  frnlen  tvnter.  It  nill  nlso  be  £uon  that 
it  resd*Ma  jmfwt  RCrounl  of  the  "  \ulus  nf  tb«  ildbi'li  of  rock e"  in  glni^iai's, 
|Mrticularlj  n«nr  thoir  Iohit  ealremiilc,  "bich  (liiit  ingeriioiiE  nullior  biis  M- 
UnpUd  to  ftocouQt  for  (unfiatirfocloray,  I  think)  by  the  trftaepurliiig  iction  of 
itnaatorwBtM-.— (fiM.,  g  a?). 
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correspotuls  with  that  of  the  ui<lividual  crerasses,  vhojio-l 
grouping  Hiibdivides  the  glacier  as  I  have  now  dcitvribiid.    The 
cveyaases  mtiy  be  Dearly  trauHVerse  to  the  glacivr.  whilst  Uie 
tyttemt  of  crerassea  form  an  angle  of  perhaps  SO"  witlk  thfl 
transverse  line.   The  veined  atructure  again  cuta  the  ctcvmms 
at  right  aitglcB,  HO  that  these  may  bo  regarded  as  thi 
oiHlei'H  of  iliBcontinuity,  or  tearing  nurfaces,  which  occur  it 
$j/»teuu,  that  is,  regularly  repeated  at  nearly  onifoi-m  interval 
over  great  portjonn  of  the  glacier  surface.     I  have  thia  yea 
succi'cdod,  for  the  fii'St  time,  in  laying  down  on  a  map,  aal 
approximation  to  the  various  and  complex  eystems  of  cre^ 
vaeses  which  traverse  the  Mer  dc  Glace,  and  I  hare  found ' 
S  repetition  of  tlii^  [ihi'tiomenon  of  a  series  of  disL-ontinuous 
but  parallfl  tisHuri's  riiiiiri'il  along  a  line  or  axis  oblique  to  their 
direction,  to  recur  at  ct-vei-al  pointK  when;  tlio  Htrtun  is  very 
violent.     Let  it  be  reiii;irked,  too,  that  where  the  violeace  e^ 
tlie  pressure  opens  a  system  of  sach  fissures  to  relieve  it,  the] 
bande,  m-  system  of  surfaces  of  molecular  discontinuity,  dia-3 
appear,  or  ar«  less  well  developed.     I  remain,  my  dear  SirJ 
yours  sincerely, 

Jamks  D.  ro&Hua. 

IStu  Dbcemdsk  1640, 


Oh  Polished  and  Striated  Pocks,  lately  discovered  oh  ArtAtar 
Seat,  and  other  places  near  Edinburgh.    By  David  MiLUfS, 
Esq.,  one  of  Uio  Secretaries  of  the  Royal  Society  of  Edii 
bnrgh.*  ^i  --t 

For  the  last  tliiity  yeai-9,  much  intereet  baa  prevailed  among  ge 
legists,  connected  with  Iho^o  afpcnraoceson  thesurrace  of  hard  roiiisj 
which  dearly  indicate  that  tlii^y  \wn  bocn  groand  down  or  polJshwlf'i 
and  sometimes  furrowed  or  trcr.ilclied,  liy  a  foreign  agent.    So  tong  ago 
as  1612,1  tho  Itttu  Sir  James  Ilal!  willed  atifiiiiun  lo  the  dresiing* 
(aA  he  termed  them)  of  t.ho  roi^ks  on  Corbtai-|)iiiiie  Hill,  consiitiiig  of 
smoothed  surfaces,  marked  also  by  ruts  and  tcratcbos,  all  laa 
loss  purollei  to  each  other. 


*  Iteuil  liofiiro  tlic  Uo^^uJ  Socitly  of  Ediuburglj,  ou  SOtb  .\pf  il  1841}. 
t  Truuutions  of  the  ICoyol  SodeCy  of  Edinburgh,  toL  vii. 
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TboM  obserrsttons  of  Sir  Jamot  Hall  havo  lost  nooo  of  their  in- 
I«r(«t  by  tliL'  Upse  of  time.  On  tho  contrary,  tlieir  impoi'tanci;  wilU 
Ttifi.^i%iKD  lo  guologicul  bpeculations,  has  vastly  increased, — first,  by 
tlio  JiswTory  that  che  &aiiio  phc'uomen<>ii  occui's  ici  niulcitutlui^  of  otlier 
plaocM  tliroughout  this  country,  and  in  othcre;  and,  t^coniilj/,  by 
tiiiO  Toin,  at  all  events  divci*si6ed,  attempts  to  assign  an  ade<^uate  and 
probable  cause  for  tho  phenonionoii. 

Sir  Jamp;  Hall  augj^esled  the  notion  of  a  treinendoue  wave  wbicL 
tmjpt  ovor  tlic  country  ;  and  iti  thi:^  i^uggcation  nio«t  people  were  cod- 
tnitcJ  to  tiixt,  until  the  thuorieg  of  Gliiciera  and  Icebergs  cnnie  into 
faskion ;  and,  euppurtad  as  they  have  boon  by  philoisophers  of  gmat 
Ntleut  and  repuUtiun,  the  ^ueciCiou  us  to  the  origin  of  the  polishing 
Uid  ecratcliing  wliioh  exiata  on  the  surface  of  rocks,  now  forms  one  of 
tho  ma*t  ilifiicult  and  oontrovertcJ  in  modern  geology. 

I  do  not  wi'li,  however,  to  be  understood  aj;  staling,  that  in  all 
the  cases  where  the  phenomenon  occurs,  geologists  art;  completely 
baffled  m  to  a  probable  explanation.  In  Switzerland,  for  example, 
it  is  now  generally  allowei),  that  iho  smoothed  and  atrintod  nppcni'- 
uiocN  presented  by  the  rocks  BJtuatcd  in  its  valleys,  and  even  con- 
tiduralily  beyond  them,  are  to  bo  explained  by  the  action  of  glaciers 
moving  over  tbem.  An  attempt  has  been  made  to  extend  this  eX' 
ptanstlon  to  Scotland  ;  but,  with  the  exception  of  Professor  Forbes's 
Memoir  on  the  CuchulHn  Hills  of  Skye,  I  mnat  say,  that  none  of 
Ui«io  ttttenipti!  ever  brought  conviction  to  my  mind.  The  proposal  of 
tboMwIiD  lirst  sonrchcd  iho  country  in  <]Host  of  moraines,  was  to 
oorer  tho  whole  of  ScotJand,  lowlands  a^  well  as  Highland  gkni$,  with 
■luetd  of  ice,  which,  moving  forward  c-ven  on  plains  llio  most  level 
and  the  nearetit  to  the  sea,  ground  down  the  rocks,  and  occasionally 
nittcd  tliem  witb  the  loose  blocks  encased  in  tlie  body  of  tho  glacier ; 
and,  Ko  far  OS  1  can  loarn,  this  theory  is  not  yet  abandoned,  Pro- 
feewr  Iforbet^  on  the  other  hand,  iias  limited  hiii  glacier  views,  in 
SO  farftsyetinadu- known,  to  the  explanation  ofpolishingand  ecratch- 
IDC  in  Tslkya  and  the  mouths  of  valleys,  which  have  not  only  aeon- 
itidcrable  slope,  but  are  coimoctod  with  ranges  of  hilts  having  a  con- 
itdcrabtc  height. 

In  sucli  t&>ts  as  these,  there  is  not  much  difSouIty  in  applying  the 
glacial  hypolhoais.  Bat  when  the  phenomenon  ocoure  whore  there 
aro  no  valleys  at  all,  and  where,  if  a  glacier  existed,  it  must  have 
moved  in  a  way  entirely  ditt'ercnt  from  what  tho  scratcbei^  indicate, 
tJien  ari&ei>  tliti  problem,  as  to  tho  solution  of  which  geologists  are  by 
no  means  agreed. 

I  liavo  boon  led  into  tlieae  preliminary  remarks,  to  ahew  the  great 
geological  valuo  of  Llie  discovery  recently  made  on  the  wf^t  side  of 
Arthur  Scat.  In  forniing  a  part  of  that  magniticient  carriage' drive 
vhtch  is  to  (.-ncirclo  the  hill,  the  work-people  came  upon  ihoao  roclu, 
a  description  of  whieli  will  ooeupy  the  chief  part  of  this  paper.  The 
value  of  the  dUcovery  is  great  for  two  i-eaaons :  In  tbo  Jirst  place. 
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f  tlie  spot  may  be  TiHitt)]  by  tboueanda  of  penons,  without  more  trouble 
tban  ia  roquired  for  n  plcftant  bair-hoar's  wall: ;  whereas  moat  of 
tfao  pUccs  wboro  (itnilar  |>li«nonicnft  bnvo  boon  prcriousljr  obeerrtd 
m  remoU  ftoil  inACCcsiiblOi  in  vbioh  cue  cndit  moit  be  repoced  on 

<  Uie  aocurUA  puiGeptioii  and  dewripttan  of  %  single  or  few  obserttn. 
the  ttamd  pboe,  tbe  nature  of  tbe  locality  b  nicb,  as  to  prtduilA 

'  (he  applicability  of  soaM  of  t]>e  hypotheses  which  hare  in  other  cases 
been  admiiuJLIe  for  explanation. 

For  ihOM  reasons,  it  ooeurred  ti>  me  ai  desirable  to  make  luiown 
and  record  the  appearances  proMiited  at  Sampson's  Itibs,  bearing  as 
they  do  so  materially  on  those  curious  tpccclations  regarding  revo- 
lutions on  tlio  earth's  surfacf!,  which  are  Hupposcd  to  liave  occurred  at 
a  eorapnialively  recent  pcilud.  I  exprested  a  wiih  that  others  mvn 
competent,  and  with  better  ^op^rtunitJes  of  obeerrstwD,  would  undet^ 
take  this  duty,  but  without  success. 

I.  The  spot  where  the  rocIcK  in  question  occur,  is  b  a  snail  hollow 
between  the  nkaiii  body  of  Artliur  Seat,  and  that  ontlying  portion  of 
it  which  has  roceircd  llio  name  of  Sampson's  Bibs,  from  its  beautiful 
basaltic  columns.  The^  columns  form  part  of  a  hummock  or  knoll, 
which  is  separated  from  Arthur  Scat  hy  a  hollaw  or  gnlly  opening 
out  freely  at  cudt  end, — towftrda  Duddingslon  Loch  at  iltt  SK.  cud, 
towards  Edinburgh  at  its  NW.  end. 

Through  tills  hollow  or  gully  the  new  road  passes ;  and  the  lerel 
of  tho  road  is  27  feet  bolow  the  top  of  Sampson's  Bibs,  from  which  it 
is  dintant  prubably  about  1 00  yards.  Bouk  has  been  found  at  diSer- 
eot  parts  on  each  side  of  the  road ;  and  tliere  tho  rocks  on  each  sidfr! 
are  converging;  downwai'ds  towai-ds  each  other,  as  if  to  meet  under  or 
bolow  the  roa^l,  and  whore  iLey  probably  do  meet  at  from  10  to  20 
feot  below  its  level.  Tlicy  form  hero,  tlierelbre,  a  Irowjh,  one  side 
of  which  ia  the  base  of  Arthur  Seat,  jutd  the  other,  tliQ  knoll  of 
Sampson's  Btbs. 

The  width  of  this  trough  or  gully,  i.  c,  the  distance  between  tha 
rocks  on  each  tide  of  it,  is  (at  the  level  of  the  road)  about  30  feet ; 
and  (about  G  feet  higher  up)  about  3B  or  40  feet.  At  the  IotgI  of 
the  top  of  Sampson's  Bibs  the  width,  or,  in  other  words,  the  distanco 
to  Arthur  Seat  is  about  140  feel. 

Tbe  gorge  or  guliy  now  described  runs  about  NW.  and  SE.  by 
compass.  The  top  of  Arthur  Seat,  if  it  could  be  seen  (for  the  sides 
of  the  hill,  which  rise  up  almost  vertically  from  this  trough,  conceal 
tbo  vievi'  of  it),  would  boar  about  east  by  compass.  The  top  of 
Sampson's  Bibs  is  about  420  feot  bolow  the  top  of  Arthur  Scat, 
and  about  200  feet  above  the  average  surface  of  the  low  level  country 
which  extends  fi'om  the  foot  of  Sampsou's  Bibs  southward  and  eutt- 
ward  for  some  miles.  The  gully  itself  is  about  380  feet  above  tho 
tea. 

It  is  farther  proper  to  observe,  that  the  guUy  in  question,  which 
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in  its  eitreme  langtii  dqes  not  exceed  120  jmAs  in  liDglli,  opens 
freely  at  boUi  cndK.  In<]eei],  the  narrowest  p^Li-t  of  it,  is  not  at  eillior 
eutlf  though  it  \a  not  (nx  horn  tliu  nortli  end.  But  in  pa.^ing  from 
that  poiut  whore  the  sides  of  the  trough  approach  nearest,  it  gni- 
ilu&lly  opens  out  or  increases  in  horizontal  tridtli  both  ways.  Fartlier, 
&t  the  north  end,  the  surfacu  of  the  ground  suddenly  slopes  nway,  and 
sinks  down  from  60  to  100  foct.  At  its  south  end,  tlie  ground  slopes 
down  with  itill  greater  iii^iitilly,  and  pi-esent.s  almost  a  precipitous 
face  above  the  k-rel  pkin.  which  is  about  200  feet  below. 

The  greatest  esCont  of  polished  stirface  is  on  the  cast  side  of  the 
new  road,  and  forms  part  of  the  west  base  of  Arthur  Ssat.  Thero 
the  rocks,  for  about  80  yards  continuously,  have  oHilently  been  rubbed, 
and  in  some  places  very  higlJy  polished. 

On  tlie  rvtit  side  of  the  now  road,  there  has  lately  been  exposed 
a  BUrfaco  of  rock,  about  20  feet  in  length,  also  very  highly  polislied. 
On  this  Host  side,  the  polished  rock  extends  upwards  for  about  4j 
fcot  above  tho  road ;  it  is  unknown  how  far  it  extends  below  ;  and 
it  would  bo  very  interesting  to  discover.  The  face  of  tho  rock  here 
it  exceedingly  Eteep ;  in  tho  part  close  to  tlie  road  (and  therefore 
Dwrcst  to  the  bottom  of  the  trough)  forming  an  angle  with  the  horixon 
of  65", — and  about  5  feet  above,  47°. 

The  debris  conceals  the  upper  surface  or  termination  of  the  rook ; 
but  apparently  that  iide  of  the  trough  has  been  altogether  from  16 
y>  30  feet  high  for  some  ilistanco  along  the  line  of  the  road.  The 
lock  was  at  most  places,  on  the  e.ist  side  whore  exposed,  almost  yer- 
licid,  and  at  the  naiTowcst  part  of  the  gully  towards  the  north,  it 
VBS  almost  opposite  tho  polished  rocks  on  the  west  side  of  the  road. 
Towards  the  eastward,  where  apparently  the  rock  is  more  I'riable,  the 
polished  rock  does  not  rise  no  high  above  the  I'oad,  and  the  polished 
iurfiLCO  was  less  itecp,  and  in  ^ume  places  almost  horizontaL  It 
tlicro  presented  tlie  following  outline. 

Flg.l. 
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It  if  natentl  lo  abnrre,  tliM  wtubt  «U  aknf  lb*  eut  rids  of  Ui« 
roMl,  there  «ru  &  n;pn«nJ  mi&M  af  mootbed  *aA  poUtbed  fadk  Ibr 
kImuI  80  j:ttit,  ipoU  wcra  hw*  mvI  then  fimsd,  waatuig  tlut  sp- 
peuKiMc.  ThiMc  pwtt  of  tlw  nclc  had  Uicir  roogfc  (mm  RntFonulj 
Wwtudii  the  Mulb,  or  mora  geaetmlly  smith -west.  Thef  wcr*  •[>• 
faroniljr  on  lines  of  Batural  flwtms  in  the  rock,  which  Qaturu 
(tannod  froeltt  bf  qtanyRien)  ran  hen  WNW.  Iiv  eonpUL  To* 
wards  tbo  aa*twari,  Iho  porphyry  is  mneh  isteri«cl«d  by  ibow  f 
and  in  in  iu  own  imbrtBiico  wnr  friable ;  wbilrt,  at  tbs 
put  of  (be  tfoogh,  the  porphjry  is  exeeodinglj  compact.  Id  nt 
of  tliwe  doares  I  obwrred  that  partioni  of  the  rxk  hod  be«n 
taondr  th«  remoTod  portioiH  baviog  iaTviftbl;  been  takeo  from  i 
MMtli  tiilM  of  the  Swini,  thus : 

Fij.  a. 


The  letters  a  represent  the  flssnreB,  from  the  ewth  siJes  of  irbifl 
portionii  of  rock  hiu]  been  romored ;  the  lott«rs  b  reprteonc  the 
DonJ  lino  of  Hmoothtng  t^rmf^  the  riut  Hdc  of  the  gully.  Tha  sid 
of  tliL^e  Bsjiure!!  facing  ihi-  south  had  eviduntJy  not  been  rubbed,  bu 
preserved  their  original  rougbticss  iu  most  ca^cs.  Iiidood,  I  found 
only  Olid  excsption,  and  tljat  was,  wh«ro  cher«  was  An  unasually 
larger  portion  of  tho  rock  romorcd  from  the  soutli  bide  of  the  tlsauns 
iu  the  way  rcpronontMl  at  b  e.  ^_ 

In  rc^rd  Co  the  degreu  of  smootl)ing  and  polishing,  it  was  tnucli^| 
groatw  at  some  pbcoB  than  at  otliora.  Towaids  tho  west,  wlieru  tli* 
gu!]y  wOH  niuTOwort,  and  tho  rocks  wiio  harJort,  tho  rocks  are  tlw 
most  highly  puliiJied.  TowanU  the  ca^twai'd,  where  the  rock  is 
imblo,  the  roclu,  Uiough  greatly  rubbed,  rutted,  and  worn  down, 
are  not  nearly  so  smooth.  < 

The  Bxin  of  tho  guily  bctwgon  tliftw  smoothed  rocks,  is  not  exactlj 
a  straight  Hue.  Though  tho  direction  along  the  cast  sida  of 
gully  is,  generally  speuking,  NW.  and  SE.  by  compass,  tho  lino,' 
on  tho  whole,  seems  to  form  a  gentle  outvo,  running  at  tha  north 
end  \\'NVV.,  and  at  tho  souih  end  SSM.  Ia-cii  in  ibis  curve  thorq^ 
are  occa^iiunal  bulging  out  boyood  tho  gonoml  lino,  nrising,  ap^| 
pnronily,  from  tho  hai'dor  natiiro  of  tho  root,  which,  on  that  account, 
Ructiia  to  lavo  yielded  less  to  the  rubbing  agent,  wliatoter  it  waa  ;^ 
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ftitd  lit  th«BO  prominences  tbe  TftcSB  looking  north  are  much  innoother 
than  those  looking  south. 

The  direction  of  the  polished  wall  on  tbo  vast  side  of  tbe  road  is 
apparently  not  pariitlol  to  that  of  the  rock  imiitQiIlatelr  oppoUts  to 
it.  The  rock  cxacttf  opposite  is  not  seeit,  hoing  probably  coverod 
by  dohri*  ;  liiit  if  it  were  uncovereJ,  it  woulil  pi'obnbly  bo  found 
nmniti^  NW.  1))"  ^V.,  judging  from  the  parts  nearest  it,  whereas 
the  polished  cock  on  the  wast  aide  runs  UNW. 

Maying  now  described  the  polished  and  smoothed  condition  of  tho 
rockc,  I  proceed  to  desei-ibe  the  furrows  and  scratchi^s  on  them. 

(1.)  In  tho_rfr»(  place,  tJioy  are  quite  ion  urn  arable.  They  are  to 
be  wen  on  almost  every  pai-t  of  the  rocks,  which  hUTO  been  polished 
or  rubbed, 

(2.)  'I'hoy,  of  course,  vary  in  length,  from  n  fewinches  to  sener&l 
Icct.     One  of  them  I  traced  continuously  for  six  feet. 

(3.)  Tho  direction  of  them  coincidoh,  generally  speaking,  with 
ib&t  of  the  gully.  When  seen  on  tho  steep  or  vertical  wail-faees 
»f  tho  rock,  they  are,  in  almost  all  cases,  found  to  be  horizontal. 
Bnt  at  tiio  plnei^n  whore  the  polished  rock-surface  projwrtf  beyond  tho 
gCDoral  line,  the  furrows  and  scratchiiigs  are  nut  horizontal ;  some 
»f  theom  slope  ta  the  horizon  as  mufh  aa  4",  or  even  5°, 

In  all  the  cues  of  tliis  kind,  the  sloping  lines  are  on  the  faces  of 
the  rocks  which  prqjoot  boyoud  the  average  line  of  the  side  into  tbe 
(ally.     Their  dip  is  to  the  nortli. 

There  is  ono  rock-face,  however,  on  which  tlio  scratches  dip, 
diougb,  apparently,  tho  rotk  does  not  project  beyond  the  gonoral 
line  of  the  side.  This  is  on  the  west  side  of  the  road.  Close  to 
lUe  »«li-face  there  exista  a  largo  )j;isnUic  boulder,  which,  to  a  con- 
lidcrable  extent,  has  choked  up  the  gully  nt  this  point,  and.  of  course, 
nndorcd  the  passage  of  nny  body  throiigli  it  more  difficult.  On  tho 
XE.  side  of  tho  bouldor  itself,  there  ai-e  some  woll-raarkeJ  ruts  and 
foraichce. 

(4.)  The  scratches  and  ruts  vary  in  depth  and  width,  as  much  aa 
in  length.  Generally  speaking,  the  longest  are  aUo  the  widest  and 
ileopcttt.  Tha  ono  before  refgiTed  to  as  six  feet  long,  is  about  one 
faieh  wide,  and  one-third  of  an  inch  deep. 

It  appeared  to  me,  that  the  longest  and  doopest  sorafehcs  aro  in 
the  following  places,  vix.,  first,  on  the  horizontal  i-ock-^iirfaces ;  and, 
nrondlif,  on  those  sloping  wall-faces,  wlwre  the  scratches  dip  to  the 
north. 

Generally,  tha  scratches  seem  to  be  tbe  most  numeroug  at  a  low 
level ;  and  on  those  parts  of  the  rocks  facing  tho  SW.,  which  wore 
only  a  littlo,  if  at  all,  potielied,  there  was  only  a  faint  trace  of  acratch- 
fnff.  In  one  place,  vi^.,  at  6  c  on  tlio  forcj^fjiiig  ligure,  where  llio 
BW.  faeo  «r&s  rubbed  and  smoothed,  tlierc  were  tno  or  thiee  scratches 
vfaible. 
Uftving  described  tho  polished  and  utrlated  appear&wcq  of  Ooft 
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Todu  »t  this  plnoc,  I  prooood  t»  Di«ntion  •ohm  mllateral  poinuj 
whici)  ftppiTJir  l9  doMrventtenltoti.  d 

1.  Ttin  ttiperfidat  dcposiu  over  tliCRe  rodD  u«  of  tiro  kinds. 

The  ono  lying  iuimedt&loly  on  (htm,  la  »  el&j-  of  n  light  bron 
faobur,  very  ^tilf  and  totiacious.  In  order  to  bo  retnored,  >l  mint  b« 
worked  witli  tliu  pick.  Thcro  nro  nianjr  Mocks  of  Hom,  of  rarioui 
■ixcK,  iiiUriip«i'»od  Uirough  the  clay,  soiitc  of  lliem  rounded,  aud 
Qthem  KDgular,  the  nature  of  wliicli  will  be  immediately  do»cribod. 

This  sliff  clay  is  not  stratiflol,  and  h  rcsemlileii,  in  many  rapoott, 
the  well-known  Till  or  Douldcr  clay  which  prevails  over  tlie  rocks  tn 
tho  Lotliianx.  The  only  difii-runco  is,  tlint  it  wants  (he  bluish- 
Uuck  colour  which  almost  evcrywhore  chnnkotcriwt  tho  boolder 
elay,  and  tlmt  it  is  not  quilo  to  tonacious. 

At  Sampson's  Ribs,  tliis  deposit  is  in  immodiato  contact  with  tlio 
polifiht^l  and  i-lmted  wiill  faces  of  tliu  trough  or  };ii1ly,  which,  in  fact, 
luid  been  lilk-d  by  it ;  and  it  ii^  to  this  impurriuus  covci-iiig  of  the  rookt 
tJiat  wc  soeni  to  be  iiidcbt<>d  for  the  very  peifcet  prustrpatioii  of  tlio 
:|tria).  Many  of  these  stria;  aro  exceedingly  nttiiuie,  go  that  tliey 
could  have  been  easily  obliterated  by  treatlieiing ;  and  fi'om  this 
circumstance,  as  well  ns  from  the  aspect  of  the  wltole  surfaco  when 
tho  clay  covering  ia  removed  fi-om  it,  the  idea  is  strongly  suggested, 
that  little  or  no  time  could  havo  elapsed  between  the  foruiation  of 
the  ttriiD  and  tho  dcpoi^it  of  this  clay  bed. 

The  lai-^e^t  of  the  tiouldsrs  inibcdilcd  in  this  clay  whtcli  I  oh- 
•erved,  is  the  one  bi-fore  specially  noticed,  as  having  partly  choketl] 
up  or  filled  (lie  gully  at  or  near  its  north  opening.     It  was  vorj] 
ntucli  rounded,  and  had  an  average  diameter  of  fi'om  ttiree  to  fourJ 
feet,     I  observed  five  or  six  other  bloclu  nearly  as  large  near  it^l 
but,  generally  speaking,  tho  blacks  were  about  half  the  size  of  the 
ono  now  ineiitioned. 

They  wore  not  deposited  in  any  regular  order,  but  just  as  they  are 
usually  seen  in  tho  well-known  Till  or  Boulder  clay  of  Srotland. 

WhiUt  soma  of  them  were  rounded,  otbors  of  them  vera  angular^ 
The  suialioHt  in  sine  were  generally  the  most  angular. 

Multitudes  of  botli  classes  uf  boulders  were  lying  in  immediate^ 
contact  with  tho  polished  and  striated  rock-s — not  only  whoro  tho 
surface  of  these  rocks  was  horijiontal,  but  vvhere  lliey  sloped  oven  at] 
tho  most  considerable  angle  to  the  cenli-o  of  tho  trougli. 

As  to  the  nature  of  these  imbedded  boulders,  they  were  of  IwoJ 
hinds.     Some  of  them,  being  very  compact  and  much  rounded,  had 
evidently  been  hrotight  from  a  distAnce,  an  iiiferenco  confirmed  by 
tho  feet,  tliat  some  of  them  were  of  i-ocks,  none  of  which  occur  at,, 
this  place  or  in  the  neighbourhood  of  it;  others,  a^ain,  being  soli] 
and  friable,  and  consisting  of  I'ocks  the  same  as  those  occurring  in 
tho  neighbourhuod.     But  in  both  classes,  there  iras  no  imbedded 
mass  which  uould  be  discovered  in  tho  clay  of  a  rock  precisely  the  I 
same  as  tliat  forming  the  gully  iteelf. 
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Tlic  fjllowing  is  a  Ibt  of  tho  ditTcroiit  kiii<Ii>  of  rofk  i-oiiifi(i«iiig  tJi« 
luulJeni.'* 

{!,)  Compact  felspar,  ouJ  felspar  poi-piiyry,  uf  vei,  y<;llgw,  nii<] 
tiMn  culonre.  Thirtu  nru  pi-Mt.y  numen-tis,  and  soiiil'  nr^  ndout  tkd 
tiio  offt  boy'x  licad.  Ttity  aru  not  mucii  rvuii'lcd,  and  gunontlly  of 
la  uigiiUr  slinpe.     'fh<f3r  an  esc«B<lirigly  Imrd. 

(2.)  Coarse  (-p^enstone  [>oi-[iliyi7,  nlmoat  u  sienitie  porphyry,  iit 
blocks  about  the  sanio  »izo  as  (Lo  I'uruiui- ;  ihty  aUo  aro  angular  in 

(3.)  Bloola  of  clayatone  tufti,  containing  zeolite  and  other  kindred 
rrystalu, 

(4.)  Blocks  of  ({reenstone  and  basittt. 

(3.)  Ijiin-^fttone,  roi'y  ci^nip.iot,  coiilninin;;  two  spociM  of  £nfomw 
tnea,  and  »anio  liitiiiiiinoti^m.'ttKor  F-frmt  iniJ  Eifuittl-t.  Tliospe- 
aiiaon  whidi  1  found  iKof.-i  dnrlc  gri-y  cifluur.  witUa  lingu  of  lilac.  A 
■roikiiian,  10  wlioiii  I  sbewed  it,  dctolared  it  lo  be  iJentioal  with  the 
upper  bed  of  the  Durdiehou^e  limestone,  which  he  had  often  worked. 

(6.)  Liiiie«tone  of  a  more  lilae  colour  and  coarser  in  the  grain,  in 
wliidi  1)0  foxKiU  art)  di*tingiiUhablo. 

(7-)  Marinu  Umostonu.  I  fuund  two  kinds, — one  of  a  yellow  co- 
lour, and  coarBo  in  the  texture,  containing  a  Urge  PruducCus,  fully 
3  inches  in  diameler ;  the  otber  of  a  dark  colour,  and  very  minutv 
texture,  full  of  marine  shells.  Of  this  last  kind,  sonip  of  the  xpeci- 
ni*nfl  were  sUty,  almost  approaching  to  ahole;  otiiera  were  compact, 
naembling  the  ordinary  liuiestoue  wJiich  is  quarried  for  uso.f 

(8.)  A  few  niAKtux  of  coarso  led  sandstone,  containing  qiiarti  peb- 
Um,  apparently  uf  the  old  i'«d  saiidstoDO  formation. 

(9.)  Rounded  pebbles  of  pure  rjuarti;,  iiimilar  to  what  occur  in  tho 
(M  red  tandstoiie  conglomerate. 

(10.)  -doft  yellow  Mindstoiio  (of  the  coal-formation),  contninin{;ca»t 
tf  a  I.rpido'i^idron. 

(1 1 .)  Soft  brown  ninrly  sanditono  (of  tlio  coal-formntion),  contain* 
log  portions  of  Stigiaarlu. 

(12.)  Numerous  pieces  of  soft  white  coal  sandstone. 

(13.)  Fragments  of  abiile  and  ooaL 

(H.)  Blockii  of  grojwftoko. 

Tlie  bouId«rs  now  described  were  imbedded  in  the  city  which 
formed  the  Hrst  depusit;  ininiodiately  above  and  in  actual  contact 
Kith  tlic  smoothed  r>jeks  in  tbc  gorge. 

J[r  Jfaohiren,  in  his  Sketch  of  the  Gooloiy  of  Fife  and  the  Lo- 
tltian»,  slaten  tliat  at  the  bottou)  of  Simpson  a  Ribu,  where  tho  rail- 
mvj  tunnel  now  i»,  a  clay  deposit  was  discovered  whcik  tho  tunnel 


*  BpccimeDi  bavo  Iicbd  dsjraslted  in  Ibe  Jliueum  of  tliv  Rnynl  Hotluty,  whor* 
klM  will  l>a  Gjuiid  porllona  vt  llie  enioothud  »□<]  itrlnteil  ■urfseu*  of  ibo  rucki. 

t  I  feund  anumfi  tlia  clsy  ^evcrd  lepta  of  tho  UncriniW.  derived  jirobibly 
tram  th*  mariaa  Ilionlf-tic  Morlir. 

vol.  XUt.  SO.  r-JTJ.tlll.— .lA.Vl'ABV  \tti7.  \. 
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trtts  formed,  TliD  cliiunctoi-8  gir«n  of  it  eorrespontl  w!tb  ttioie  ot 
ihib  deposit  just  dcKcribcd  m  fi&ng  tbo  gorge.  Mr  Madaren  sIum 
that  it  Inj  fmmcdutcly  on  thcrocks,  IhU  it  nsftTftjrdlonriUi  colour, 
thftt,  it  oontaiii«d  blocks  of  »i»l4tono  nhieli  wcro  nngubr,  nnd  rMiniM 
blocks  of  greeofttoiw  not  beloafftt^  lo  the  rock  alwre;  luUy,  that  it 
was  covered  witli  tlie  debris  of  the  liill.  lu  nil  ibeae  rapeeu,  tbi 
tiro  d^pOMta  MCiti  to  mo  to  ftgrcc. 

It  ii  of  lomo  importsttce  to  ftsdcrtitin  th«i'  identity,  becuiMf 
tbLt  IK  rondc  out,  it  would  oUew  tlut  when  the;  wera  deposited,  the 
■ttr&ce  of  tbo  country  must  have  1>^oi>  ntuch  tbo  «m«  aa  at  prpwnt ; 
ftt  least,  that  nothing  has  since  occnrrcil  lo  rvmote  tlw  depodU  from 
either  of  tlio  two  pIticcK,  or  to  change  tbo  lerrin.  Farther,  it  ia  more 
than  probable,  that  the  via-j  and  bouldera  were  at  both  ylacw  dei 
■itcd  at  the  came  tini<!  and  by  the  Mme  agent,  vhfttever  tluit 

Immediately  above  ihU  clay  deposit  in  tbo  gorge,  there  in 
of  debris,  formed  apparently  by  tlio  crumbling  of  the  nupnr^ccnt 
roclu.  It  i«  from  6  to  10  fcot  thick.  The  only  circuniotaiice  of 
intL're«l  connMtcd  with  thin  dcpout  is,  Uial  aea-dieUs  have  been 
found  ill  it,  vix.,  Linipt'tA,  '\Miulks,  mid  the  common  large  Bacly. 
The  two  former,  1  undenUtnd,  wore  found  by  Mr  Nichoi.  The  la^t 
I  found  myself.  I  do  not  understand  that  ,tny  of  thciie  sboUa  oe> 
eiirred  in  a  bed  or  other  afparently  natural  xtntc  ;  and  the  general 
opinion  seoms  to  be,  that  being  all  odible,  thuy  bad  been  carritd  lh6re4 
At  thi)  name  time,  it  is  deserving  of  rraiark,  that  they  were  found 
considerably  bi'l«w  ttie  present  surface  of  the  ground.  These  sliel 
Lvere  found  very  nearly  in  contact  with  human  bones,  and  the  bones 
P*f  the  horse,  cow,  deer,  and  pig.  Close  I*  the  spot,  there  were  also 
fbund  Roman  swords  and  coins.' 

In  connection  with  theso  superficial  dopoeits  in  the  gorge,  nolie* 
may  be  taken  of  two  other  depoi^'its  which  occur  Home  hundred  yardi  to 
the  eastward,  also  on  tlio  lino  of  the  new  rond. 

One  of  these  deposits  is  a  bed  of  snnd  and  clay  intei'miKed.  full  of 

water-worn  slunas,  fi'um  ibo  the  of  a  cocoa-nut  and  less.     At  the 

place  where  it  oeours,  a  liitio  to  the  west  of  Windygowl,  tho  hiii- 

b  tide  is  very  preciijitous  and  rocky.     It  evidently  there  oceupiet,  and^fl 

rfllls  up,   a  holiow  or   reacts  in   the  hill-side,  bccaiiv;  at  tho  cast,  aJ  V 

well  as  west  end  of  Ihis  sandy  depoilt,  the  roclts  ndvunce  beyond  it. 

The  iiand  and  clay  exhibit  traces  of  horizoulid  &tniti  float  ion,  and  the 

bed  extends  for  about  lil  ty  yanls  along  tlio  north  tide  of  tho  new  Ort- 

L  risge  drive.     Tho  great  antiquity  of  this  deposit  is,  to  a  certain  ex- 

"tent,  shewn  by  the  ononnoiis  niu^  of  rocky  fi-agmcntK,  vbarp  and 

angular,  which  have  fallen  upon  it  from  the  overhanging  cliffn.    OiM 


*  At  lavcrcik  some  years  ago,  in  ni]'  brotlier'i  ^irdvn,  simiUr  Kowtiis  wore 
found,  vU,  long  luiki  of  tbo  pig,  via,  villi  a  Itomaa  name  *lun|Wd  on  llie 
totlom,  ctmlaining  human  bou;*.  and  ■  nensriui  of  Vetpawaa. 
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uttiiwj  blocks,  iiWut  a  t<Miuiwoiglitprubiib)y>i<>|inrily  itiii>e(l<Icil  iu 

it,  uid  Cliu  boriioiital  layers  of  Mind  uro  to  be  kocd  cncirclinj;  tlio 

juirer  half  of  it.     Jt  \»  importaiit  to  ubtorvf,  (lint  thiK  riagmciit  i» 

nuniiud  and  emoothcil  nt  it.-t  vmst  end.  but  is  I'ougli  nnil  angular  on 

il\  i\ie  vilivr  ports  expoud.     'i1iu  j^iavel  and  travelled  bluukn  which 

L.CU  been  appai^iitly  brought  atid  laid  doivii  siuiultuueously  with  the 

faud,  cousial  chiefly  of  gi'i'en^toueii,  bat^nlti!,  a'ld  hard  sandstoueii,  of 

t«hilti  aud  grc^  colour.     Thc«o  arc  of  thu  saiitu  character  aa  tho 

ivoks  nhich  occur  in  Snliebiiry  Cra^.     Uut  tlioro  ore  other  bouU 

ilcr(  in  this  ^nily  dcgjonit,  whiuli  caiiuut  bu  iJuiitiGcid  with  any  rocks 

in  tbo  iiuiglibourhuuJ.     ThuHe  lu'e,  roundud  bloulu  of  ri-d  cotnpaut 

fttlipar,  a.  red  Kieiuiic  porphyry,  luaiiuc  liiii<j-toiio  full  of  uiicrinites, 

and  ball  or  clay  iroitbtoiiQ.     The  dapth  uf  this  ^andy  deposit  is  uo- 

luteWHi  aa  thg  now  rond  doe^  not  rettch  to  tlio  bottom  uf  it ;— what 

U  (Mn  is  from  4  to  6  feet  thick. 

Tlw  other  deposit  of  a  similar  charauti:r  ia  iiuinedialuly  above 
Wiadygowl.  It  cunusts  ofcoaiso  giavel,  indinttuctly  itratLUwl,  aiid 
formii^  a  bed  about  fuur  fi^<tt  in  ibtcknosii,  tvluub  slopus  (o  the  St., 
•t  an  angle  of  about  GO  ,  It  to  happens  tbut  tbo  rocks,  over  which 
thoy  liei.  are  red  sanditooi?  ^trjitu,  and  thai,  thi^y  dip  the  sanu!  «'ay, 
luid  at  iho  same  angle.  It  Imx  bcuii  aucimliii^ly  KuggL'^tt-d,  thiit  this 
bed  of  gravel  was  depo.silud  liuforc  tht-Hu  ati-aia  vtvw  tiltcid  up,  and 
diU  Uu^  aoquired  tlitiir  dip  by  thti  eluvation  of  the  sti'atn,  But  tlie 
more  probable  cucplanatiun  i.i,  that  the  surlaoe  Oii  which  tbey  were 
ifarawn  down,  had  previously  a  dip  to  thu  Sl^.  'She  giavol  cousisls 
of  rounded  pieces  of  greywacke,  porphyry,  compact  felqiar,  and  sand- 
•Wno. 

2.  Tho  next  point  of  a  collattruJ  nniuru  desorving  nttention,  in 
ibo  oocurrence  of  an  inimeiiEio  number  of  coarse  gri^eiistone  bouldt-rn 
lo  iho  oajit  of  Wyiidygowl.  Those  eprsad  over  the  surface  of  the  hiil 
ara  well  described  by  Mr  Maclareii,  Many  more  liavo  lately  been  ex- 
cavated, both  iu  tho  alterations  for  forming  the  Victoria,  Bond,  aud  in 
ilioso  of  the  North  IJi'itisb  It^ilway  Cuiispany,  nt-nr  Parsons  (jreen. 

I  uiay  take  the  opportunity  of  hcj'e  niLiitioning,  tliat  many  of  tliu 
targe  bouldum  oxpu-ed  in  the  cuttings  uf  tlw  North  British  Railway 
preaenl  puhsiiiiig  and  stria'  precisely  similar  to  iho  nppeai'ancos  at 
Sampson's  Xlibs.  I  lati-ly  i-xamined  four  or  five  largo  boulders  im- 
bedded in  tha  stilV  bluo  clay  before  referred  lo,  nt  Easter  Dudding- 
*tea,  tlio  upper  surfaces  of  whieh  were  Hat  and  very  suiouth,  and  pre- 
lentod  Klroug  market  of  rubbing.  On  thcso  surfaei?!.  thors  wero 
M:ratcbes,  and  in  some  case:!  ruts,  which  almost  invariably  run  in  di- 
recUous  by  coinpasis,  varying  from  N\V,  lo  ^VN^V.  Two  of  tlieae 
blocks  w«ro  old  red  snndstono  oonglomerato,  one  of  them  old  por- 
phyry, and  a  third  a  bUck  biuult ;  all  being  rouks  whidi  do  tiot  oo- 
cur  in  tho  neighbourhood,  but  inwtt  of  which  exist  iu  Stirlingshiro, 

At  tlio  0ea-idiDru  belwueii  Joppa  aud  Magdalene  Bridge,  tho 
boiild«r  day  ii  well  exposed,  and  nuinberi  of  fragments  of  these  old 
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rocks  mx]  \>*  eccn  ttidciii^  out  frnm  it,  fitrtlj  cndpraiined  Uj  th«  Ha.  j 
Tlie  £«ratclies  aiii  ruti  wn  tlicm,  ruii  NNW.  Iiy  compaxs.     Serrnl  | 
of  ihcw  botililcn  nro  >f ralchcd  nnd  furruved  on  their  wcfit  bkIca.— 
uMio  of  tbcni   oil  tlictf  nLit  stdes,^^  circuni&uncQ  wriiicli   hbewd 
pUbily  l)i»t  the  «entohin]{  ugi^a  had  coino  from  tito  N\V,  and  not 
rroni  ilie  SK. 

Thi»  bouUer-cUj  coders  tlio  mid>toiio  of  Graiitoii  Quarry,  t.iA 
oontninft  a,  number  of  largo  iKiiildsT*  scratcUei]  aiid  Tun-oired  on  tha 
ii[iper  Kuriitco.  TIi«  tw'iK  all  run  east  aiid  w«et  by  compote,  TIio 
boutdvi-a  all  Icbiig  to  roclu  in  %\w  west  country. 

I  may  add  lluit,  wlic-u  in  >Iist  I<ottiian  Utcly,  T  obMTTcd  that  tbe 
Ithilway  had  cut  tlirougb  tliis  samo  bouldor-tlay  n<-«r  Bcitonforrl. 
Itouit'Icd  blocks,  preciHcly  similar  to  iIiokc  aboro  mentioni'd,  nro 
intorcpcraed  through  it,  nnd  aUo  presenting  like  luarlu  of  rubbing 
nnd  ncratchitig.  1  toolt  the  bearinv^  of  tho  Urifc  on  six  or  Mren 
bouldei-s,  and  tbi^/  were  inTu-tably  WNW.,  or  more  correctly, 
^.  72"  W.  (>tio  ol'(}ic  boulders  yrc*  ta  placed,  and  so  marked,  a.s 
to  proTo  diitinntly  tbnt  iu  Ue  »idu  bad  been  It  tlio  i-:uitirarJ, — that 
being  Uic  only  bide  free  from  ttri^,  and  utlier  nikrks  of  riolent  abra* 
>ion. 

A  nioi'C  ini)iurtant  diiWOYeiy  wai  miidc  near  Linton,  prptientii);* 
ptietionu'iia  very  iiiiiiilnr  to  thot^c  at  Snmp^on's  Rib).  Tbo  rniltray 
(about  a  quarter  of  a  mile  to  tlie  wi.-it  of  the  tlation)  outs  through  a 
knoll  of  felspar  porphyry,  known  by  tlio  nnmo  of  Mnrkle  Ilid^.  The 
di^tnuco  iVoni  iLp  west  ride  of  tlif?  knoll  to  the  eart  side  along  Uic  luil- 
vray  is  about  60  ynril-i.  Both  sideti  of  tlio  knoll,  and  ospeoially  the 
northwe.it  sidu,  pi-cseul  faces  whith  have  been  smoothed  and  striated. 
On  the  webt  nidi?,  the  oxtctit  of  smoothed  surface  in  about  SO  feet  in 
lenglb,  and  at  one  placo  about  15  feet  hi<;h.  The  tide  of  the  knoll 
here  gradunlty  benifs  round  towards  the  north,  to  meet  the  opposite  or 
east  aide  of  tlio  knoll.  Accordingly,  ttie  iinioolhcd  turface  on  the  w^t 
sido  (ttcCB  micccusivcly  (reckoning  from  the  sotilh)  N W.,  iheii  NNW., 
ntid  N.  by  ^V,  by  couipa«it.  The  small  porti'>n  of  smoothed  rock  on 
the  opposito  sido  of  iho  knoll  faces  SE.  by  compass.  The  rock  oil 
the  nortli  kIiIo  of  the  knoll  xi  cove-red  by  dobris,  no  that  it  cannot  bo 
ectn  whether  it  preftonta  any  siinilnr  i!j)penraiices. 

These  smooth  faces,  on  both  sides  of  the  knoll,  exhibit  rats  «nd 
somtchc^,  the  mo»t  numeroua  and  deeply  marked  boin;;  on  tlie  west 
Eide.  Their  direction  is  EXE,  They  are  generally  horizontal,  and 
those  which  deviate  from  the  horizontal  are  tho  deepest  ruti.  Their 
dip  ii  uniformly  from  the  KSE.,  oi-  towards  the  WSW. 

The  parts  of  the  rock  most  scratched  are  tbo  lowest. 

7'liis  kiiolt,  in  tho  part  of  it  cut  tbroii;;!i  by  the  railway,  Rlopoi 
down  townrd^  tho  north  ;  thnt  is  to  stty,  the  high  ground  is  all  to  the 
south,  and  there  in  still  lower  ground  adjoining  it  on  tlie  north. 

Tho  rock  U  a  aort  of  porphyry  or  tufa,  which  is  full  of  irreguUr 
crystidi  or  concretions  of  red  jaiiper.     These  hard  ooncretiouB,  where 
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ib^  occur  OR  tbo  nnootlieil  parts  of  the  rue):,  bliow  tliat  tlioy  Iiara 
boa  worn  ilotrn  b>'  tlic  smoutbing  ngcnt.  wlier::v«r  t\iej  were  oxposed 
to  its  operation,  TLere  are  placCH  wlierL>  tlie  6iiioot)iin|T  agent  hn^ 
not  apparenlly  acted  so  stjongly,  or  at  all,  oii  tlieeo  liai-d  cont-rolionf, 
These  Itre  tho  parts  of  tho  rock  which  Cncc  llio  S.  mii]  SW.,iiiijIcu,tiiig, 
tWeforOi  that  tbo  ruLbing  and  smoothing  ngeitt  Ii.id  piLs&eU  iVoni  tho 
N.  or  NE. 

OT«r  tbU  knoll  there  aro  several  large  bouHers  of  groonttone, 
and  tt  multitude  of  aniall  stones  sticking  promiscuouiily  iii  tho  well 
known  cl«y  usually  oharacterised  by  tlioin. 

Above  this  deposit,  thero  iiro  stiatifiod  beds  of  fine  clay  lying  bo* 
riiontally. 

About  100  yards  nearer  Linton,  tliere  is  another  ridge  of  trap, 
■tiich  has  beeu  cut  through  lor  the  railway.  Its  XW.  faci:  uxbibit* 
tJio  a.  smoothed  and  polished  sui'luce,  about  0  or  9  feet  squai'e,  with 
DumerouH  borixontat  stri?;. 

Tho««  smoothed  rocks  nrc  at  a  height  of  about  00  feet  above  the 
Ha. 

It  ia  proper  to  mention  here,  a&  bearing  on  the  nntiire  of  the  agent 
which  pajsed  over  and  emootlieil  ihu  rucks  described,  that  all  the 
tnp  ridges  in  the  tielglibourhooil  uf  I.inlon  arc  l)ari.>  on  their  noilh 
lidos,  and  linvo  fails  of  clay  anil  gravel  on  their  south  sidi'i?.  In 
particular,  thoro  is  a  renmrkable  verticnl  dyke  of  porphyry,  called 
Smcftton  lluglis.  running  by  compass  E.  and  \^'.,  tho  north  bide  of 
vbich  presents,  for  Hevcriil  hundred  yitrds,  n  perpendicular  ii.nll  from 
U  to  50  feet  high,  and  which  on  the  south  &ide  \ias  an  accumulation 
of  debris  which  conceaU  iu  south  side,  even  to  the  top. 

1  may  here,  also,  allude  to  tho  recent  discovery,  In  Fife,  of  trap 
nclcs,  smoothed  and  furrowcl,  in  n  way  pi-cciaely  simil.ir  to  those  at 
Arthur  Seat  and  Linton.  I  liavo  not,  myself,  Been  the  rocks,  and 
am  indebted,  for  the  following  description  of  thoin,  to  Mr  B.  Chani- 
beps.  The  discovery  took  place  in  improving  the  road  between 
Bumtislaiid  and  Kinioss.  A  cut  fur  that  purjiose  was  mado  in  the 
«rc*t  of  a  low  rnngo  of  hitlv  looking  to  the  north-wevt,  over  tho  wid^i- 
ipreod  tnornss  around  Beiith  Kirk.  At  thi»  point,  the  ridge  con^ititn 
tubatoiiiially  of  a  thick  bod  of  gruenitone,  dipping  to  the  nocili-wosi. 
U  an  ftngto  of  about  40\  At  iho  bofo  of  the  exposed  rock,  somo 
diluviam,  Eurmounted  by  the  sandy  deposits  of  a  mo^sy  lake,  may  bo 
Men.  The  i-urfoce  is  straight-faced,  mid  bears  tho  nianifcit  appear- 
once  of  having  been  piylitln-'J  and  fiiri'uwed  by  fonio  moihanical  ngeiil. 
This  agent  has  acted  in  a  steady  and  imiforni  manner,  for  tho  polish- 
JDga  mmI  furrowings  ai'C  all  in  one  direction.  It  U  reninrkabic,  how- 
evcp,  that  thny  dip  t->  i\\'-  S>V,,  nt  nn  uuLrle  of  iibout  25', 

It  appears  ihut  this  »inootlicd  ;md  1'iiri'uwud  rock  iti  not  in  any 
mouDtaiii  gorge  or  valley,  but  U  a  jn-ojecling  ridge  which  utandii  out 
fafitng  >D  extensive  mora^n.  (Jlose  by,  in  a  hollow  produced  by  two 
prvntiDcnees  in  tho  original  rocky  Kiirfuceii,  wa  find  n  masit  of  dilu- 
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vium  in  its  oi^iiial  vtAte.  \mtatiiaoiuAy  orer  ifao  buk  of  Uw  niftrki^ 
rock  lurFaoe,  there  Uei  a  iloping  mut  of  movnposcd  dilui-iuni. — that 
K  mix«<l  ap  with  sand^  «Dd  other  Muff,  aa  well  as  boaUen  of  fpraen- 
sun«,  miea-aebiit,  Aw.  Ov«r  il«  eiirfaco  lie  horizontal  beds  of  iiD> 
pure  tmoA  and  pektjr  matter,  tbr  dvpmit  of  a  lako  now  degowinUiag 
into  a  inonuKt. 

At  filiuskford  Hill  llwro  tra.i,  till  latiOj,  a  oooatdcraiblo  surfaM  of 
nuootliMl  and  ntriat^d  r*>ck,  of  whieh  an  accoam  will  ba  fooiid  in  a 
Memoir  |>ub1iiihcd  \ty  me  on  the  M  id- Lothian  Gonl-fIeld«. 

On  the  knoll  i;ccupi«d  by  Cralgmillar  C*>tlo,  thora  irere  unllar 
dNuinge  Been,  u  1  am  inform^  bj  Mr  JFudino,  whan  tho  rock 
vras  qiiEirriod  n  niimbn'  cf  years  ngo.  In  lorcral  placco  iioar  the 
cMtIc,  tl:o  c^ngloiTK<rntiT  rockx  are  much  rounded,  and  the  bared  eur- 
fiHAi  alt  lovrnrd)!  tl)o  north-wcct,  but  no  funowa  are  at  preMnt  dis- 
femiblo. 

3.  TIio  noxl  ctrcum»t!inct?,  ivhich  I  deem  worlhv  of  notice  hero, 
M  tho  rounded  form  or  t>hapo  of  tho  rocks  on  tlio  N  W,  side  of  Samp- 
ron'x  Rib»,  nnd  tho  oompamtircljr  iihnrfwr  or  more  nngnlar  forma  of 
llie  Tfyf^Lt  on  the  S.  and  SE.  tiidi>«  of  the  mme  hill. 


I 
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II,  Having  desorilied  the  most  important  facts  connected  with 
tlie  appearancea  of  smoothing  and  i-utting  on  the  rockt  of  Artluir 
Seat,  and  on  otliors  in  tho  neighbourhood,  I  proceed  to  titc  more  diffi- 
cult quMtion,  What  is  the  agent  which  hu  produced  them  ? 

1.  In  the  Rmt  place,  it  npponrt!  clonr,  from  gram*  of  tlieso  facts, 
that  on  immfn*<'  volumt  of  icoffr  ha»  jxistfrt  evtr  tAf  eounlrif — at 
cr  immediately  n/tur  the  period  that  those  rijcks  woro  emouthed  and 
Striated. 

Then?  are  two  points  involved  in  thin  proposition,  firtt,  tlio  passBge 
of  the  water :  and,  tteond,  the  time  when  tho  rocks  w^re  *o  op«rat«d 

OR. 

(I.)  A«  to  tho  first  point,  no  doubt  cnn  be  mtertained.  Tho  ae-l 
cnmiiUllon  in  Sampson  >  Ribs  gully,  of  lime£tont<s,  coal,  sandstoneati 
felspar,  porphyry,  greywacke,  nnd  other  rocks,  which  do  not  belonfl 
to  this  neighbourhood,  and  must  iiove  been  brought  from  n  distancM 
i"  ono  inioquivoctil  pro^f  of  this. 

Thc!  depodit  nf  grnvcl  and  «ftnd  nt  Windygowl,  about  a  quarter 
a  niilft  to  the  ea-slward,  is  another  elwr  prooi  of  the  existence  > 
nmning  water  at  that  level. 

Hov  wouH  it  ho  diniciilc  to  adduce  indications  of  water  current!  < 
a  still  higher  Icvtl  on  Artlmr  Sent.    Mr  Mnclaieii*  Riroi  an  accoai 
I  flf  rolled  blorkx  nnd  boulders  in  places  adjoining  thi«  golly,  and  from 
800  to  40O  fool  nbove  it. 

And  that  the  wnt^  which  flowed  nt  thi«  high  level  must  hare  had 
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great  forc«  and  powor,  is  nianitcst  from  tlie  enormous  size  of  somo  of 
th«M  boulders. 

Iwnawaro  that  some  glacialUts  bave  ventureij  to  explain  tlio 
tramportittion  of  lioiildovs,  oren  iit  the  situntion  of  thotc  now  refcrrod 
lOi  hj  imagining  tlint  tliej  were  trans  polled  on  icC'tloo»i  and  droppi-d 
to  tiio  placM  wli^re  llit^;  ttro  now  fouml.  Mr  Ma^ilaroti  meiUioiis 
ereral  facta  mooDbisk'iit  wiUi  tJiU  theory  us  applii^lile  to  Arthur 
Seat.  Ue  etnlas  that  -aomit  uf  tbo  hould^ra  are  of  Kaiid^tono>  and  on 
pLaooc  "  400  lect ai/ove  any  apot  wlitrc &untlstoni  now  exislr  in  t'ltv." 
Bat  if  tlio  parent  rock  Vins  below  the  level  of  these  boulder*,  bow 
eould  Uxty  bavo  been  llouted  from  it  to  their  present  position  ]  Ue 
Itucs,  aUo,  that  the  accuinulnlioii.i  of  hutilderii  aro  ahiio>t  alw&ya  on 
liu  eaat  tide  of  proininenues.  leadiug  to  tho  conTicliun,  that  they  liad 
boon  harried  along  by  a  rii»li  of  waters  from  the  wc^twaxd,  and  dfi- 
poaited  on  the  Ice-aidce  el'  those  prominences. 

Tho  oceiirreiieo  of  liniostones,  Rands  tones,  shale,  and  coal,  in  the 
boulder-olaj  of  tbo  gully  nt  Sampson's  Bibs,  is  equally  adverse  to 
(he  tbeory  of  tlot^tion  by  ico'i-afts.  Wherever  these  blocks  have 
mwefroni,  they  miutltave  been  brought  fruin  parent  I'ocks,  situated 
below  tlie  level  of  Sampson's  Bibs,  Buidiohuuse,  Kirkliston,  Mid-Cal- 
iet,  Queoasfnrry,  and  Ncwbigging  in  File,  are  the  ouly  places  where 
tlM  liointone  with  iltilomosCriKa  is  kuown,  and  they  are  all  of  thom 
■t  n  lower  level.  Gilmerlon,  vhtcli  is  the  nearest  point  at  which 
marine  limestone  is  worked,  is  still  lower,  and  so  also  are  the  other 
■tore  dintant  localitien  from  which  it  probably  uamc,  viz.,  Linlithgow, 
CI»rle«tou,  and  Inverltel  iu  Fifo,  Tiie  coal-sandstone  and  coal, 
bring  exceedingly  friable,  could  not  have  been  brought  from  a  (front 
diftanoc ;  and  there  is  no  place  in  the  neighbourhood  from  which 
thcMi  blocks  cotild  luiite  come,  which  is  not,  at  least,  200  feet  below 
the  lerel  of  i^ampson's  Bib». 

But  these  boulders.  If  tliey  had  been  dropped  from  floating  ice- 
bergs would  not  liave  been  imbedded  in  the  extraordinary  deposit 
eharncteriiied  by  thqm.  If  it  was  the  bottom  of  tho  sea  upon  which 
iliey  fell,  one  would  cspcot  to  find  them  lying  on  boils  of  sand  or 
mud;  wlicreas  tliey  ai-o  generally  enveloped  in  a  teuaceoue  clay,  in 
•ome  plaeuA  100  feet  deep, — un  at  Leith.  Was  this  clay  also  trans- 
ported and  dropped  by  uidividual  icebergs  {  If  no,  would  it  form, 
M  it  does,  a  continuous  deposit  over  the  whole  of  the  Suoltisb  Low- 
londe  t  Would  it  not  rather  have  occurred  only  in  email  patches,  and 
preeenling  some  traces  of  strntiiicEttion  { 

Tlie  bunie  agent  which  brought  the  bouldem,  must  have  brought 
the  clay  in  wlileb  they  occur  ;  uJid,  spread  as  it  in  over  (he  whole  of 
the  country  fcoittlof  tho  UrnrnpiiLns,  thero  umtt  hare  been  one  agent, 
wtiicb  transported  and  spread  it. — not  s<f  aiate  iuobergs  floating  lier« 
and  tiiciv', 

(2.)  Xlie  nest  point,  is  ftt  what  pniud  this  debacle  of  water  took 
^Uoel 
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Tbo  dnj  luid  IwuUers  &re  in  «ODU«t  with  tho  imootliMl  %ai 
Mriatcd  rodci.  There  is  seldom  any  intervoning  <l«po*il.  I  han 
occuionall;  bmd  a  tliin  h^y^r  of  pkdA  Iwlwera  tbe  boulder  clajr  and 
Biratifie'l  r<x^.  Thor«  arc  *otc»1  localitiea  pointed  out  in  mj 
^  Memoir  on  thv  LotliUn  CoaUflddi.  At  the  purt  of  tfae  Victoria 
^Mnd,  Bbont  300  jrardi  t4  the  nortb  of  Sampson's  Rib«,  Hr  Nic^al 
pointed  out  to  me  a  lajer  of  sand,  about  an  incli  or  two  in  tJiieknon, 
Kt  Irregular  inierrals,  b«tw«cn  the  bouldor  day  ttntl  Umi  aandtton* 
rtisto,  Thata  sandstono  iitrata  pruiicnicd  no  appoaranoes  of  Mnoothing 
and  nilting.  Their  orif^nal  covering  of  nnd  had  app&rmtlf  not  beeo 
altog«tber  removed  and  forced  atray  by  tbo  rush  of  boaldor  clajr. 
That  might  happen  tn  some  ptacos  and  not  in  others ;  hut  wlieroror 
there  are  rocks  smoothed  and  striated,  tlio  bouldor-claj  i:i  in  immo- 
diaie  contact  irith  tkem. 

I  do  not  gay  (hat  this  ciroumntonee,  of  itself,  proves  that  ihft 
di-es^ing  of  these  roolc.H  ix  to  be  attributed  to  Uie  paange  over  tbem 
of  the  boulder-clay,  loaded  with  'U&  heavy  and  eoinpact  groonttooM 
and  felspar  porphyrios ;  biit  it  is  a  very  important  atop  toward*  tfae 
solution  of  the  ^ucition,  to  Ond,  that  inrtanlly  nIVr  UiMe  rockt  were 
smooihc-d  and  slrintcd,  tlmy  wri-o  covered  by  tlii»  deposit.  Nut  only 
is  there  nothing  to  indicate  the  existence  of  any  interval  of  time  be- 
tween the  two  tliiiigK,  but  some  of  the  strin  aro  so  minute,  that  had 
tliey  not  been  covered  up  almoet  so  soon  as  formed,  thoy  woald  oot 
have  been  preserved. 

2.  But  would  the  passage  of  tbis  boulder>clay,  forced  forward  by 
an  enormouR  or  powerful  volume  of  wator,  ^uxe  prodaeed  the  tmooth- 
iniji  and  Hr'iie  on  the  rocks  ? 

That  water,  even  by  ihe  fritliim  of  its  own  particles,  will,  in  time, 
wonr  down  the  hardest  rock,  is  unileniable ;  and  if  it  is  hurrying 
along  clay  and  gravel  and  heavy  stones,  tho  proccs  of  attrition  will 
be  great  and  rapid.  I  think,  therefore,  that  it  is  nut  ditBcult,  in 
thui  way,  to  understand  how  rock^  (whether  large  bouldcn  or  hill- 
sides) have  been  worn  down,  nnd  smoothed  and  polished. 

Hut  how  are  tlie  teratdirs  and  furrovii  to  be  aoooUBted  for !  Or- 
dinnrj-  gravel,  however  grenl  the  accumulaiion,  would  not.  produce 
tliat  effect.  But  blocks  of  porphyry,  basnU.  felspar,  and  othi>r  haid 
stones,  if  heavy  and  angular,  would,  I  thiiik,  he  praving-tooU  quite 
sulBcient  for  the  purpose.  Kow,  as  already  stated,  there  are  multi- 
tudes of  angular  blocks  of  porphyi-y.  and  otiier  hard  Irnps,  in  tlie 
clay  deposit  coverinj,'  these  scratched  rocks,  many  of  which  were 
Keen  to  be  in  actual  contact  with  thi?ir  Kurfaue.s  iv'hon  first  expoitcd 
by  the  workmen  ;  vo  that  tho  insirunient.s  nucessftry  for  die  pur- 
pone  were  lying  on  the  spot  where  they  had  been  at  work,  and  in 
the  further  execution  of  which  they  had  been  arrested. 

That  water  lias  1>..tii  iIil-  jiolishiiuj  ngenl,  will  bo  the  moi-o  readily 
nllowt.'d  l>y  tlio&u  who  ate  faiiiiliar  with  the  polished  surface  of  roclu 
forming  the  chaiineU  of  mountain  torrents ;  and  were  any  great  do- 
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lacl«  to  take  place,  sufficient  to  buriy  over  these  surfnct-s  not  morel/ 
Hmd  uid  gravel,  but  atw  hard  blocks  a  ton  or  more  in  weight,  I  liara 
no  lioubt  tlutt  nbuiitlanuo  of  nils  and  srcatclic!  would  be  toriued  on 
Ibein. 

TIttt  walor  was  the  agent  in  lliis  cnse,  is  the  more  clt-ar,  from  tho 
followitig  conaideratioiis; — I  Iiavo  alreaiiy  alluded  to  iho  nntural 
ndt  fisBarea  At  Sampson's  Kib^,  and  to  the  abEence,  in  many  places, 
af  ft  portion  of  tbc  i-ock  on  the  south  side  of  [lie  fii^ure.  The  pro- 
babiUtj  is,  that  thcso  Routlt  portious  of  the  fissures  were  torn  or 
b(i>kei)  off  l>y  the  fovce  of  the  boulders  in  passing  throiiffh  the  trough. 
But  the  point  to  which  I  wieli  more  particularly  to  direct  attention 
is  the  fact,  tli&t  iu  very  many  cases,  the  angle  forntod  by  tho  north 
side  of  tho  Unsure  nud  the  east  side  of  the  gully  is  rounded  off,  as 
■howD  nX  be  in  Gg.  2 ;  and  not  only  so,  but  ocoasionally  thu  n>ck 
along  the  north  sidu  of  tho  figure  itself  has  been  &.moolh<.-d ;  that  i,* 
to  uy.  whilst  the  agent  (whatever  it  was)  voa  passing  mainly  in  » 
direction  fioui  fiW.  to  SE.,  and  smoothing  the  waQ-faeea  of  the 
trough  or  gully,  this  agent  must  have  entered  fo  far  into  this  Iisgui'o, 
and  others  in  the  $ame  ulalUl<^r,  in  ei'der  to  nnooth  tlicir  fuccN.  Tlio 
amount  of  divei^eiice  from  the  general  axis  of  tlie  gully  and  dircr- 
tiou  of  the  moving  and  smoothing  body,  uiu^t  have  been  from  20" 
to  30^  Now,  I  can  conceive  no  agent  but  vratcr  which  could  act  in 
this  way. 

There  is  another  circumstance  which  leads  to  tho  same  conclusion. 
1  had  the  good  fortune  to  find,  in  company  with  Mr  11.  Chambers,  a 
Bmall  trough  of  rucli,  tlie  sides  of  nhiah,  when  cleared  out  and  waslicd, 
were  seen  to  be  smoothed  and  furrowed  in  a  manner  precisely  si- 
milar to  ihupu  iu  the  liirgur  trough  or  gully-  '-This  litt!<i  trough  was 
only  4  feel  in  length,  its  width  at  the  top  or  widest  pai't  was  only 
I  foot,  and  its  depth  not  i\\nXe  2  feel.  It  was  situ.ilcd  about  80  yardK 
to  tiio  nollfa  of  the  principal  gully,  and  its  direction  was  NNW.  by 
oompaiis,  so  that  this  trough  was  eviduntly  connected  with,  and  a  part 
of,  the  phenomenon.  Now,  its  dimcnsioiia  were  so  small,  that  no 
other  agent  tlian  uater  can  bo  conceived  to  have  forniod  it. 

3.  There  is  another  quebtion,in  fonie  I'cspects  subordinate,  but  still 
bearing  on  the  facts  very  materially,  vix.,  from  what  direction  did 
the  runli  of  waters  come  i 

At  Sampson's  Ribs,  the  appearances  indicate  a  NW.  dli'ootlon ;  for 
it  is  the  N  W.  sid«>  of  the  bill  on  which  these  smoothed  appearances 
occur,  and  it  is  the  S£.  side  where  there  Is  an  accumulation  of  sand 
and  gravel,  indicating  a  less  tmnultiious  state  of  watci'i:,  as  if  on  the 
lee  side. 

On  this  liypothosis,  it  is  easy  to  explain  tho  direction  of  the 
scratches  on  both  sides  of  the  gully,  and,  in  particular,  tho  slope  of 
the  deopevt  nits  upwatds  to  tho  SE.  To  the  nortli  of  tho  gully  the 
ground  fetopBB  to  lite  north,  ko  that,  if  a.  ru^h  camo  from  that  direu- 
tion,  the  blocks  carried  along  hjr  it,  would  move  upwards  to  the 
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■oiith,  uii  Imre  marlu  or  tbat  direotion  on  the  »Hte  of  tli«  wtU- 
:  AN  they  ruslid  past  lliem.  It  is  only  •!  Ute  nortJi  part  of  the 
'gully  that  these  rott,  deviating  (nm  tbo  horimntal,  and  difping  to 
tho  nortJi,  occur. 

SotDDOf  tliR  Kintchcii,  nftcr  pereererfng  horixonUlly  for  18  or  20 
inehcH.  Hoddeiiljr  indicated  a  bending  downwanU,  and  «  greater  faiw- 
nen  of  niailiDff,  at  their  m^em  extroniitids.  Tlie  blocks  being  press- 
ed en  Ihe  wall-fac^sby  iIiq  onward  curront,  would,  of  course,  product 
ruts  corresponding  witli  tito  line  of  ih«  carront.  only  *o  long  as  there 
WKK MifRcicnt  pro^^uro  on  them  ;  liiit  the  prciturc  could  not  beAxnetly 
coiiti nitons  for  any  U^ngth  of  time  ;  and  u  it  dimininhod,  these  hioeki 
voulit,  by  llipir  owu  weight,  droop,  and  thus  produce  the  appear- 
uiees  observed. 

Cut  whikt  the  direction  of  tlie  rush  of  waters  at  Aithnr  Sent  luid 
tlio  noishbc-nrhood,  i>einns  to  haro  bocm  from  tJie  N\V'.,  tlic  oppcor- 
anros  at  I.inton  indicate*  a  dii'vction  from  the  north  or  NB. )  for  s 
current  from  the  NW.  would  not  i:asiiy  Iiave  wioolhed  the  rodts 
th^re,  which  are  smoothed  and  striated  on  tlipir  faoes  fronting  lh« 
8E.  The  locniityin  Fifo  referred  to,  would  indicate  a  movement 
from  the  NNW. 

Farther,  on  tJii*  point,  I  mny  mwition,  that  between  Stusselburgh 
and  .Toppa,  one  of  tlio  liouIJera  Ijtari  two  ii>t-»  of  scmtches, — one  set 
running  NNW.,  and  the  other  W.  by  S.,  by  oompafs,  ihe  former 
having  been  partly  obliterated  by  the  latter,  and  therefore  prior  tOj 
it.*  J 


This,  however,  i«  n  very  mbordinate  point,  and  imraateriftl  to  ths 
gre»t  qneiition  wbicb  now  agitates  geology,  whcllior  it  is  by  nquoous 
or  glacial  ucttoii  tliut  [lia  phenomena  of  smoothed  rocks  and  tran 
ported  boulders  are  tu  bu  explained. 

Without  wishing  to  deny  ilmt,  in  some  situations,  glaciers  maf 
have  produced  the  effects,  I  certainly  do  deny  tliat  there  is  as  yet  thfl 
slightest  evidence  of  thoir  existence  in  the  Lowlands  of  Scotland, 
and  mniotnin,  thnt  the  smoothed  and  xtri.itod  rockii  of  Arthur  8«at 
and  M.irkle  Ridge,  and  ilie  buulJori'  which  occupy  the  clay  covering 
of  tliCRc  rock^,  are  all  to  bo  ascribed  to  the  action  of  an  impetuous 
torrent  of  waicr. 

No  glaoi.iliit  who  snw  tho  gully  at  Sauipson'ti  Bibs,  or  the  knolls 
<if  Marklc  llidge,  would  venture  to  say,  that  a  giftcicr  could  hava 
existed  at  either  place.  There  is  no  »nl!cy  in  whieh  a  glacier  coulj 
bo  confinod,  no  nionntuin  to  be  the  birthplace  of  iU  Rowing  ieo> 
Rtrenmi> ;  and  if  a  sheet  of  Icq  could  be  mippoied  to  have  moved 
down  from  Arthur  Sent,  it  would  hiire  passed  over  and  across  thl>' 
gully  of  Sampson's  B.ibs,  and  not  through  it. 


u$ 


I 


*  Tbo  bouldtn  which  arc  rultud  on  tbclr  upper  lUrfMc,  must  bsve 
tin  clay,  wkilit  ths  rcit  of  lliu  dobitclB  movtd  ovm-  sud  paiied  Ihani. 
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4.  There  U  Kiiotii«r  quoction,  connoeted  with  ihis  subject,  of  the 
deepest  intereBt  in  geologT'i  lit-.  At  w/iot  It^el  did  ik*  tfa  ttand, 
«lieii  ilic  rath  of  waten  which  brougUl  the  boulder  dnjr,  t«ok  place 
bnd  siiiLiotlicU  tlic  tovks  1 

Tho  niuivifer  to  tlib  question  would  open  up  another  field  of  fn- 
quiry,  too  wide  li>  be  entoi-od  on  in  tliif^  papisr,  ttiough  it  ia  a  subject 
diweljr  connected  with  the  results  to  which  we  linve  born  bi-oiight. 

Tbe  facts  rcconlod  iii  tliia  paper,  are  probubly  too  scanty  to  fui-ni«h 
a  ntisfnclory  answer.  But,  tluy  do  go  pretlj  fnr  to  shew,  that 
wli«n  the  boulder  clay  waa  depositod,  tho  sua  stood  at  a  level  much 
higher  ilian  i^aiiipsoii's  Itibs.  In  the  Memoii-  on  the  Lothian  Coal- 
AeMs  before  olladed  to,  it  ia  attt-mptcd  to  be  shown,  that  it  stood 
greatlj  »boT0  the  top  of  Arthur  Seal. 

Tho  horizontal  beda  of  a&nd  «nd  gravel,  and  of  tbe  iloj^g  but 
ittiatificd  bed  of  coarae  gravel,  on  the  SE.  side  of  Arthui-  Seat,  in- 
dicate very  cluarly  the  existeucc  of  a  sea  which  stood  more  than 
400  feet  above  tbe  present  level ; — though  it  is  difficult  to  sujr, 
whether  th«H  beia  were  dcpoi>itcd  before  <rr  after  the  arrival  of  the 
Bouldor  clajr. 

Farther,  it  Ik  probable,  that  tinco  these  deposits  took  place,  tliere 
liAo  been  no  materiul  cliaiige  lu  the  relative  leveU  of  the  eouutry. 
What  is  tbe  surface  of  the  present  ivy  land,  was  tlien  tho  bottom  of 
tbe  sea,  consisting  of  the  vciy  same  hills  and  hollows,  plains  and 
slopes,  as  are  now  covered  with  terrestrial  vegctntion.  On  this 
principle,  and  apparently  on  no  other,  is  it  pos.^iblo  to  explain  tho 
rounding  atid  tmoothing  of  the  existing  hilU  and  knolU,  on  (hc^r 
north  and  iiortli-wcNt  fideb  ;  tlie  bed  of  coano  grnvel  at  Vi'indygowl, 
which  ha&  tliu  &aimr  glupt^  us  the  surface  of  tlie  hill ;  and  the  identity 
of  the  boulder  tlay  ul  tliu  Ivy  and  bottom  of  Sanipson's  Ribs. 

After  the  tumultuous  waters  which  transported  tho  BgiiHir-clay 
were  nssuagod,  the  upper  part'?  of  ihnt  deposit  were  arted  on  by  the 
natural  current*  and  tide*  of  the  ocean  ;  and  in  all  the  hollows,  ao- 
ciimulutioosofltmlificd  niudtoolc  placo,  destined,  after  the  land  rose 
out  of  the  sea,  to  bo  llic  sites  of  brick  and  l.iio  works.  In  Uiis  way 
the  boulder  clay  would  cvet-y  where  be  abraded  to  a  considerable  depth; 
and,  hence,  tbore  is  generally  foiiiid  on  its  tippcT  surface,  great  quan- 
tities of  boulders  of  all  aztx. 

1  refrain  in  thii  paper,  which  was  intended  merely  to  dmcribe  and 
account  for  a  particular  pLciiomenon,  from  entering  farther  un  thew 
large  and  ditlii-ult  qucetiuns.  Hut,  1  cannot  conclude,  without  ex- 
pressing tho  gratitude  which  I  feel,  in  common  with  cvory  geologist, 
to  Mr  Nison,  the  inspector  of  worliK  in  the  Queen's  Pari;,  under  the 

direction  of  tho  (^ii)niis».ionors  of  Woods  nitd  Forctit«i,  for  agreeing 
to  protect  and  preKcrvo  from  injury,  some  of  the  polished  and  striated 
|jwclcs  at  SampMn's  Ktbs.     They  were  in  the  way  of  the  new  carringe- 

Irire  which  Mr  Nixon  had  lined  out.  and  were  intended  to  hare  been 
"entirely  removed.     Sut  I  had  simply  to  request  the  preservation  of 
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m  portion  or  Uicse  rocks,  tnA  explain  ihe  rMsons  i>f  it,  to  obtain  Tn 
lUf  gi-Dtletiiui  \  rtjtdj  and  court4M»i«  compliance,  tboag^i  inroWiE 
wane  cbaiige  of  liis  plans.     I  on)/  hope,  that  li«  will  not  put  met' 
thtM  locki  a  lign-booTil,  to  inrorm  the  public,  tbat  tbey  &ro  '*  Glaekit 
Jloctj,"— ^rhidi  ix  tlio  term  he  appUes  to  tJi«m,  in  hii  comapoDdeuo 
with  HIV  on  tlie  subject. 


' 


Onprodueiny  WAi>  or  Xevtral  Light,  bg  nuatu  of  ordinary 
Ar/ijieial  Li^hl.  By  Geobue  Tait,  Eaq.,  Advocate,  \'ice- 
Pr«»i(Ient  of  Uie  Royal  ScoUiah  Sodety  of  Arts.  Coininu*] 
nicatud  by  the  Royal  Scottish  Society  of  Arts.* 

It  is  generally  known  that  ordinary  artiflcial  li^t,  suci 
u  that  obtained  by  the  oonibu»tion  of  wax,  tallow,  oil,  or  c. 
buretled  hydrogen  gas  from  coal,  prudaces  u  tinge  of  coloui 
Tcry  different  from  that  produced  by  the  white  light  of  th< 
sun.     Thieisfound,  upon  examination,  to  be  an  onvnge  tinge,' 
K)  exceedingly  strong  as  to  reduce  it  to  orange  colour,  sliglitl 
modified  by  blue,  as  will  be  Hccn  presently  in  detail.    Tb 
two  lights  may  be  compared,  in  a  general  way,  by  observing 
the  colours  of  different  objects  enlightened  by  them  sepa- 
rately at  the  same  time  ;  fur  example,  throwing  contiguous 
sliadows  of  an  opaque  body  from  each  of  tliem  upon  a  whit 
Burface,  and  comparing  tlic  colours  of  the  shadows,  the  shadow 
from  each  light  shewing  the  colour  of  the  other  light  wbic 
alone  falU  upon  it ;  the  white,  however,  if  not  in  large  p 
portion,  nHsuming  a  bluish  appearance  from  coiltrast  with  tli 
orange  all  around,  of  which  blue  is  tbo  eomplemcntury  colour. 
This  orange  tinge  necessarily  affects  very  much  the  ^pear 
anee  of  the  colours  of  the  objects  exposed  to  artificial  light. 
And  it  would  be  of  importance  for  some  of  the  useful  arts,  I 
which  it  is  necessary  to  distinguintb  colour",  for  the  depar 
ment  of  painting  in  the  fine  arts,  whether  for  executing  or  fop' 
viewing  pictures,  and  for  otlier  purposes  generally,  if  light 
free  from  tinge  and  of  sufficient  strength  could  be  produced 
by  means  adapted  for  ordinary  use.     And,  accordingly,  this 


Dps 


^  mean*  e/ ert/inary  Arl^etal  Light, 


178 


Hubjcct  liAii.  upon  my  suggestion,  been  inserted  by  the  Boysl 
Seottlsli  Society  of  Arta  amuiig  those  recommended  by  Uicm 
for  conaideration. 

This  could,  perhaps,  be  done  to  most  advantage  by  a  pure 
white  fUimc,  if  such  a  flame  can  be  pi-udueed  by  conveuient 
and  unexpensive  means,  and  without  deleterious  effects  on  thu 
sir,  ollior  than  those  necessarily  produced  by  combustion." 
Or,  foiling  that,  it  might  be  done,  although  not  so  conve- 
niently or  satisfactoi-ily,  by  hhic  flame,  if  producible  on  the 
conditions  ju8t  mentioned,  ui^ed  along  with  ordinaiy  orange 
flftine.  in  such  ratio  as  to  neutralise  it,  un  the  principle  to  be 
immediately  noticed.  In  tlie  mean  time,  I  submit  to  the  So- 
ciety a  few  obftcrvntions  on  the  Application  of  a  simplo  and 
obvious  method  of  effecting  the  same  object,  by  using  any  of 
the  ordinary  artificial  lights,  and  absorbing  the  excess  of 
orangeby  interposing  a  transparentniedinm  of  a  proper  colour. 
I  had  ft'it  very  strongly  the  bad  effect  of  ordinary  ai-tlticiAl 
light  on  pictures,  in  using  portable  dioramas,  which  I  lately 
submitted  to  this  Society,  which  led  me  to  endeavour  to  de- 
vise a  remedy  :  and  I  have  found  it  to  be  completely  obviated 
by  tlio  application  of  that  method,  in  the  manner  which  I  shall 
now  explain. 

Artificial  light  is  most  conveniently  obtained  by  using  car- 
liuretted  hydrogen  gaa,  such  as  that  made  in  a  proper  manner 
from  parrot  or  cannel  conl ;  and  a  powerful  light  ia  easily 
obtained  in  this  manner.  Gas  from  eommon  coal  is  much  in- 
ferior. Oil  ia  not  so  convenient  or  so  cleanly  as  gas.  Candles 
are  inconvenient  from  their  varying  in  height,  which,  for 
many  purpoacs,  renders*  fre(^uent  adjustment  necessary;  and 
when  they  are  enclosed  in  the  manner  which  is  generally  ne- 
cessary, even  the  legist  fusible  are  liable  to  melt,  although 
they  have  as  large  a  supply  of  cool  air  as  can  conveniently 
be  giveQi  unless  there  be  very  few  of  tliem,  which  makes  the 


*  Tlin  "  Sudd  Lljjht,"  which  is  produced  by  n  strenni  nf  oxygen  trllhin  a 
iluna  of  eorburetlod  hydrogen,  such  ai  conl  gni,  oiid  whitli  U  verj  briUiant,  lioi 
tUU  K)  niueli  of  tho  omngo  liiigo  m  to  render  it  unlit  lo  be  used  unmodified,  u 
b«lng  white  tight;  and,  *vea  if  ic  were  whits,  it  is  mucli  inorelroublr!£t>meiui)l 
•xpniriTa  tkin  tb«  method  of  obuining  arhilc  light  to  b«  now  pro|io>«d. 


174    G.  Tait,  Esq.,  c»  produeiug  White  or  Neufrat  Lighl. 

light  Tery  weitk.    Tb«  etpente  of  ditferent  lighu  will  bo  i 
ticed  presently. 

Tlie  at-ti)iciu1  liglit  in  to  tx)  inclosed  in  a  box  or  lanf 
of  ft  suitable  BiKe  und  couMtructioo,  or  otherwise,  as  cii'ciun 
ttAUCeii  may  require,  and  ia  Buch  manner  that  none  of  it  an 
eacape  by  the  opening:^  for  admitting  and  dischargiDg  air 
otherwise,  except  what  is  roodihed  by  paBsing  through 
coloured  medium.  The  modified  li^lit  may  he  used  either ! 
Illlowing  it  to  radiate  directly  upon  the  ohject«  to  ho  enljgfat* 
encd,  or,  in  Uie  case  of  trannpareui  paintinj^,  or  the  like,  \yj 
transmittiD^  it  through  thorn.  1  huvc  uet-d  it  Batisfactorily  in 
both  ways. 

As  the  Society  are  aware,  the  sensation  of  colours  is  caused 
by  objects  reflecting  or  transmitting  colours  produceil  by  tht 
rays  of  light  to  which  they  are  exposed.  There  are  threo 
primary  colours,  yellow,  red,  and  blue ;  oftwo,  orall  of  which, 
combined  in  rarioua  ratios,  all  other  colours  are  coinposed. 
Light,  with  very  rare  exceptions,  is  compound  or  hcteroge- 
Dflous,  producing  two  ur  all  of  the  primary  colonra.  The  pnra 
light  of  the  Bun  produces  tiiem  in  such  ratio,  that  when  wliolly 
or  proportionally  reflected  or  transmitted,  they  neutralize  Mch 
other,  and  produce  white  or  neutral  gi-ey  (which  is  mei-ely  a 
shade  of  white,  having  no  predominant  colour) ;  and  lighfc 
producing  them  in  such  ratio  in  often  called  shortly  tpJa'te  or 
neutrai  li^ht.  In  100  parts  of  white,  there  appear  to  be  about 
18  parts  of  yellow,  32  of  retl.  and  50  of  blue,  all  of  equal 
intensity,  or  nearly  as  3,  5,  8."     >Vhen  two  only  of  the  pri- 


'  rivlil,  li^  mi  ling  [lum  c(>Ioufi'il  l>r)ul<lii  ortrjunl  iiiti'n>ily.  iii»l  lUtu  lijrixiih' 
binicg  lialLow  milgcii of  gliiH  contaiiiing  suvli  liquids  nopunicly,  rmd  truumit- 
ing  ilnylluht,  foiiml  tli*  mtio  cf  th*  eoiopaiHt  pM-U  of  wfalta  to  bo  3pu(*«r 
yttlau',  S  of  ivd.  naH  »  of  blut.  (Sm  CArMMMiu,  by  lifOTKC  i'i«U,  1S40,  pagM 
SSI,  S3t'S  1  Vhtom<tto!/mpKii,  t>y  tho  Mmv,  183^,  p.  H"!.)  Ilay,  by  mllbg  pure 
powdered  i>lginonti  of  oi|iuil  Intcmlty.  tuiai  Ihs  rallo  (o  bn  3  |iiiru  of  y«lloir, 
6of  rvd,  •nd  !'  (if  bill u.  (Soo  .VuiBf"ii«[ur«  (/Cblbw^  Ao.,  by  D.  R.  n«y,  IStS, 
p,  S  ;  Thi  iViiuiyla  e/  lUnutji  i'»  I'uharinri  tyiitntatiinl,  by  Ibc  uine.  1815, 
p.  IT.j  Tb«  lirtl  tnriM  uf  auinliar*  mntsiat'd  in  the  toxt.  vn  tba  ftvci'ago  of 
Ihou  IfarMMM  of  obnrvatloiia;  wblcit  coiiicldc,  with  iliu  axiapUoti  ufaiUglit 
diffcrena*  In  iha  ratio  of  ttiv  ydloir  and  tile  rrd.  kriilnii  porhup*,  ttaa  cbe 
ditilcuiiy  of  dioUDguitbing  wbnUitr  dibcr  of  tboM  coloun  i»  anilnly  Ftm  Ikiu 
a  ting*  at  ifaa  Mtaw. 
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■mwy  colours  occur,  yoUow  iinti  red,  yellow  aod  blue,  or  wd 
atiil  blue,  tltt-y  form  tlic  sccondiiry  colom-s,  oi-ange,  gr««n,  cw 
purple  ;  and  when  they  occur  in  the  ratio  in  whidi  they  are 
product  by  white  light,  tbey  t'oi-ni  iicrin^ct  or  normal  st'cond- ) 
aries.  The  colours  of  thoiie  obji-cts  which  iiru  culled  coloured, 
is  caused  by  their  bavinfi^  the  (|iinlity,  from  their  peculiar 
•inicture,orothcnvisti.  of  i-eflcctiiigor  trunxmittitip;  ditferent 
parts  of  tliu  riiys  forming  thu  compound  light  to  which  they 
■re  exposed,  the  remainder  being  absorbed  and  extinguished. 
When  light  is  composed  of  raya  which  produce  coloiu-a  m  a 
different  ratio  from  that  in  which  they  noutraliae  each  other, 
the  colour  of  the  excess  is  produced  on  a  white  surfftce,  and 
the  appearance  of  coloured  objects  is  affected  according  to  the 
4XCC88  or  the  deficiency  of  the  rays  producing  particular 
eolours.  For  example,  an  intensely  blue  object  exposed  to 
a  perfect  orange  light  appears  black,  as  there  are  no  blue 
rays  which  it  may  reflect  or  transmit,  and  it  absorbs  and  ex- 
tingaislies  the  red  and  the  yellow.  If  aorae  rays  producing 
bloe  be  combined  with  Die  orange  light,  this  effect  is  modi- 
fied neconling  to  their  quantity. 

In  ordinary  artificial  light,  the  rays  producing  red  and 
yellow  appear  to  occur  nearly  in  the  same  ratio  in  which  they 
occur  in  white  light.  And  as  there  ia  an  excess  of  them  over 
the  rays  producing  blue,  all  that  is  necessary  in  order  to  pro- 
incc  white  light,  is  to  interpose  a  transparent  medium  of 
Inch  a  depth  of  blue  as  to  ab.sorb  that  excess,  allowing  such 
a  portion  of  them  to  pass  as  is  necessary  to  neutralize  the 
nays  producing  blue,  all  of  which  have  been  allowed  to  pass. 

It  appears  that  that  excess  may  be  best  absorbed  by  inter- 
posing coloured  glass,  of  a  proper  depth  of  blue,  according  to 
the  ratio  of  orange  in  the  flame.  It  ought  to  be  **  coloured" 
glass,  that  is,  coloured  in  the  melting-pot.  Glass  "  stained" 
blue,  that  is,  partially  coloured  by  applying  the  colouring 
matter  to  the  surface,  and  fixing  it  by  a  heat  sufficient  to 
soften  the  glass,  but  not  to  melt  it,  is  not  transparent ;  in 
which  respect  blue  differs  from  other  stained  colours  in 
general.  It  is  verj*  difficult  to  got  "  coloured"  glass  made 
of  any  precise  tint.    Perhaps  the  tint  required  could  be  cod< 
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venicntly  produced  by  hiiving  the  (j^as*  iniwl«  at  ftnrt  a  little 
too  dark,  by  rouking  it  a  little  Uiicker  tbuQ  noccasary,  and 
aftcrwnrdfl  reducing  it  fiufGciently  byjp-inding,  and,  if  necM- 
aory,  by  |>oliftbing. 

If  "  coloured"  glass  of  the  proper  depth  of  blue  cannot  Iw 
oblaJned,  colourod  g1att:«  of  a  lighter  blue,  or  coloui'tess  glass, 
may  liave  the  noceitsiiry  colour  npiilicd  to  it  with  transporenl 
paiat.  I  hnvft  found  the  blue  coinmonly  culled  l-'rcnch  blue 
or  factitious  ultminurine,  to  answer  tlit  purpone  very  well. 
It  is  very  traii.tpnit-iit,  bitt  sometimes  baa  a  slight  tinge  of 
nd>  Genuine  ultramanne,  which  is  prepared  front  the  pre* 
cious  stone  lapin  Imuti,  mid  which  is  very  expensive,  at  luast 
the  bc»it  tlmt  I  could  procure  in  Edinburgh  ns  such,  howerer 
much  superior  it  is  for  ordinary  painting,  is  much  less  trans- 
parent, and  has  a  dusky  slaty  appeai'anee  by  transmitted 
light.  Cobalt  'm  atill  more  ohjcelivnahle  in  both  respects. 
Pnissian  blue  is  trniisporent,  but  produces  a  cwisiderahlc 
tinge  of  green,  which  it  is  necessary  to  neutralise  with  red, 
the  consequence  of  which  is  a  considerable  shade  of  grey. 

The  French  blue  has  this  disadvantage,  tltat  till  ttie  oil  and 
tlievarnisi)  used  in  applying  it  are  completely  dry  tliroughont 
(which  in  the  caoc  of  tlie  oil  may  be  rery  tedious),  there  is  a 
very  wide  refraction  and  dispersion  of  a  large  portion  of  the 
rays  producing  red ;  which  is  easily  obsen-ed  by  holding  the 
glass  close  to  a  flame.  The  consequence  of  tbiit  i.i,  that  when 
a  limited  beam  of  light  is  thrown  on  a  pei-pendtculnr  object, 
there  is  an  oifenstve  green  tinge  in  tlie  direct  line  of  the  light, 
caused  Viy  the  blue  and  the  yellow  not  being  neutralized  by 
that  portion  of  the  red  whitb  has  been  refracted.  This  con- 
sequence does  not  tjtke  place  where  the  light  is  used  in  a 
dilfuii^ccl  matinor,  for  example,  a  flame  sun-ounded  by  blue 
glass,  because  the  whole  of  the  component  parts  of  the  trans- 
mitted light  reach  every  object,  either  directly  from  the  flame 
through  the  intcn-ening  pai-t  of  the  glass,  or  by  refraction 
from  other  part*  of  it.  The  refraction  of  red  takes  place  also 
with  Pi-UBsian  blue  having  tlje  green  tinge  neutraliKcd  by 
cochineal  lake.  It  does  not  take  place  with  genuine  ultra- 
marine or  with  cobalt ;  but  their  want  of  transparency  and 
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tiic  dulaCBS  of  tbeir  colour  by  transiuittcd  ll^lit.  render  tlietn 
uiisuit^tblo  for  tliis  use.  "  Coloured"  glnas  ia  free  from  the 
defect  of  rcfrjiclin/T  red. 

The  puint  oujilit  to  bo  applied  so  as  to  be  as  trniisparont 
aa  possible,  unlcR3  it  be  intended  to  be  dim,  in  oi*der  to  dif- 
fuse the  liglit. 

It  19  moat  conveniently  applied  with  oil,  wbicli  ongbt  to  be 
AB  free  from  colour  as  possible,  and  to  be  made  very  dry- 
ing;. As  it  dries  slowly,  and  ought  therefore  to  he  used 
Sparingly,  mustic  varnish  or  otlier  variuah  may  be  used  along 
witb  it  to  dilute  the  paint.  But  the  uil  of  turpentine,  or  tliii 
alcohol  of  the  varnish,  go  off  so  quicldy  that  the  fluidity  of 
the  paint  varies  very  much,  and  it  is  difficult  to  apply  it 
Bmoothly  and  uniformly  of  the  proper  tint.  Or,  without  using 
vaniifh,  gum  ma^Uc  may  bo  dittgolved  in  the  oil  by  beat-,  at 
as  high  a  temperature  as  can  conveniently  be  used  in  paint- 
iug  the  glass,  perhaps  70°  or  80'',  or  more,  which  makes  much 
leM  oil  nece.-ssary  than  would  be  required  at  a  lower  tempe- 
rature. By  applying  the  paint  in  several  coats,  allowing  each 
to  be  tboponghly  dry  before  applying  another.  Instead  of  ap- 
plying one  thick  coat,  the  precise  tint  required  is  more  easily 
produced,  and  the  drying  of  the  oil  is  promoted.  If  the  paint, 
when  finished  and  dry,  be  deficient  in  ti-anapareucy,  a  coat  of 
iiioatic  varnish  or  other  varnish  may  he  applied,  but  cau- 
tiously, so  as  not  to  dis.<«olve  and  disturb  the  paint. 

Another  method  is,  without  using  oil  or  varnish,  to  mix 
the  paint  in  tlic  state  of  powder  with  gum  mastic  melted  by 
heat,  which  requires  to  be  above  the  boiling  point  of  ivater, 
and  to  keep  up  the  necessary  temperature  while  painting. 
l)y  this  method,  the  paint  is  fully  n.»  transparent  as  hy  tlio 
other,  it  becomes  hard  immediately  upon  cooling,  and  it  does 
not  refract  red. 

In  order  to  adjust  the  depth  of  tint  of  the  glass,  whether 
"  coloured"  or  painted,  the  white  light  of  the  sun  may  he  re- 
ceived on  n  piece  of  white  paper,  placed  at  a  short  distance 
Whiltd  a  window,  which  is  to  be  used  as  the  stnndai-d  of  white 
light.  The  paper  ought  to  be  as  purely  white  as  possible, 
and  a  blue  tinge  ought,  in  particular,  to  be  avoided.  The 
light  may  be  conveniently  obtained  by  excluding  the  external 
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light  ttom  the  apartment,  leaving  an  opening  of  a  prop«r 
BiJt*  near  Uii!  lower  iwrt  of  Ute  window,  and  corering  the 
opening  \rith  purely  wliit«  tiiutiie  pap^r,  which  receivev  the 
external  liglit,  nnd  tmn»piit»  the  grvator  part  of  it,  tto  that  a 
portion  of  it  is  received  upon  the  standard  paper.     The  light 
trceeivod  upon  tho  tissue  paper  may  be  cither  the  direct  fay 
of  the  min,  or  diffuacd  light  from  wliite  or  neutral  grey  cloud: 
or  Ie«8  condensed  vapour,  or  diii'ing  rain  or  fog,  hut  not  troU 
blue  sky.     In  either  caae,  the  observation  ought  not  to  be 
.made  wh«n  the  sun  iit  low,  on  account  of  the  warm  tinge 
^whidi  the  light  usually  has  at  that  time,  or  when  there  isa  j 
tinge  fVoni  8mokc.     The  tissue  paper  may  be  dispensed  wtthJH 
Ljuid  diffused  light  may  be  received  dirvcUy  from  without  upon  ~ 
ntie  standard  paper  ;  hut  the  method  before  dciivribed  ia,  in 
P^neral,  more  convenient  and  satisfactory, 

Another  piece  of  similar  paper  is  then  to  he  exposed  to  th 
.artificial  light  transmitted  through  the  glass,  being,  at  the 
^Bamc  time,  completely  nhadi-d  IVom  tht-  daylight;  and,  if 
"  coloured"'  glass  be  used,  it  is  to  he  prgcured  or  made  of 
Buch  a  depth  of  blue  that  the  latter  paper  may  appear  as 
white  as  the  standard ;  or,  if  painted  glass  he  used,  it  is  to 
be  brought  to  produce  the  same  eS^ect,  making  allowance  for 
the  temporary  green  tinge  before  referred  to.     The  more 
correctly  that  this  paper  is  made  to  agi-ee  witli  the  standard, 
the  better.     A  greater  degree  of  bluenesa  is,  in  pai-ticular, 
to  be  avoided.     Tlie  two  papers  arc  more  easily  compared  if 
they  be  made  both  to  receive  the  same  quantity  of  light.        ^ 
If,  from  the  flame  and  the  paint  used  not  correctly  ueutral-fl 
fcing  each  other,  or  from  any  other  causi>,  there  he  a  little  of 
II  permanent  green  tinge,  it  may  be  neutralix,c(I  by  the  addi- 
tion of  a  little  transparent  red ;  or,  if  purple,  by  transparentj 
yellow.     The  same  principle  applies  to  the  adjustment  of  tits 
pi-oper  tint  of  "  coloured"  glass. 

If  the  light  pass  obliquely  through  a  glass,  or  part  of 
glass,  less  colour  is,  in  conscquencO)  necessary. 

After  the  paint  is  completely  dry,  thfi  light  transmitted 
ooght  to  be  again  compared  with  white  light,  and  any  litll^ 
in»ccuraoy  corrected. 
When  owe  glass  bai   been    adjuited,    others,  whothci 
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*'  colonred"  or  pointed,  may  be  adjnsted  by  com{HU*iiig  Uiwr 
effects  with  it«  effect,  by  artjficial  light. 

If  the  paper  for  whicb  a  glass  lias  been  ndjustcd  have  a 
iilight  tinge  of  colour,  papor  of  tJie  same  ting*  might  always 
to  be  used  Along  witli  that  glass,  when  used  vrith  u  similai- 
light. 

Tho  excess  of  orange  is  greater  us  tlif  flame  is  loss  bright ; 
foi"  iTxiimple,  greater  in  a  swallow-tail  flame  of  gaB  from  ^nv- 
rot  or  cnnnet  coal,  tlian  in  the  flame  of  h  well-constructed 
•rgand  lamp  with  snch  gas  or  fine  oil ;  groator  in  the  flame 
of  a  was  or  composition  candle ;  anil  still  gi-eater  in  a  duller 
flftme,  Buoh  as  tha,t  fi-om  coarse  taltow  or  common  oil ;  aa  may 
be  easily  seen  by  comparing  the  colours  of  contiguous  Bbadows 
from  two  ligbtt^  on  a  white  sm'face  :  so  tliat  a  glana  adapted 
for  a  bright  flame  is  not  accurately  anitablo  for  one  less  bright. 
At  the  same  time,  the  excess  of  orango  which  would  thus  be 
trwumittedif  the  flames  do  notdilTer  materially  in  brightness, 
Is  comparatively  eio  small,  that,  for  mixay  purposes,  it  might 
!«  disregarded ;  but  it  would  be  undesirable  to  use  a  glass 
adapted  for  a,  less  bright  flame,  as  it  would  absorb  more  than 
DecoHsary  of  tlie  orange  produced  by  tlic  flame  used,  and 
would  produce  an  unpleasant  blue  tinge. 

A  vei-y  large  poi-tion  of  thi?  ai-fificial  light  is  abMorbed  by 
the  blue  of  the  medium.  By  repeated  obaorvatJons,  which 
did  not  differ  materially,  made  by  comparing  (by  means  of 
shadows  in  the  uaual  maimer)  the  light  of  a  bright  swallow- 
tail flume  of  the  gas  from  paiTot  or  cannel  coal,  made  by  the 
Edinburgh  Gas-Light  Company,  transmitted  through  glass 
painted  blue,  m  as  to  be  tolerably  transparent,  with  the  same 
Ught  transmitted  through  glass  of  the  same  iiuality,  brought 
to  apparently  the  same  degree  of  transparency  without  colour, 
I  found  that  the  fonner,  the  light  transmitted  through  the 
blue  medium,  was  equal  to  about  one-fifth  part  only  of  the 
hitter.  And  as  the  former,  being  white  light,  consists  of 
equal  parts  of  orange  and  blue,  ujid  as  the  portion  absorbed 
consists  entirely  of  the  excens  of  orange,  it  appears  (if  that 
portion  be  about  four-fifths),  that  the  ratio  of  orange  to  blue 
iu  BQch  a  fiamo  is  about  nine  times  that  in  white  light.  The 
jiortjon  now  stated  as  being  absorbed,  is  given  merely  as  an 
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npproxtniatioii.  It  could  be  ascei'totned  more  accarately, 
comparing  tJio  ai-tifi<:ial  light  tranfimitt«d  through  "  coloured" 
^lum  with  that  tmntiinitted  tlirough  colourleitH  transparent 
glttHS  of  the  Hiune  (|uality.  There  is  rather  a  Ini-gor  portion 
to  be  absorbed  in  a  duller  6nme,  as  has  just  been  remarked. 
The  vei-y  gi'Cftt  excess  of  orange  thus  ascertained  to  exist  in 
artificial  light,  accounts  fur  the  very  great  differeiico  between 
it»  ofTect  and  tlint  of  white  light  upon  the  appearance  of  the 
c-olaurs  of  objects,  and  may  give  some  idea  of  the  extent  of 
that  difference  to  thontc  who  have  not  seen  Uiem  diatinctl: 
oontrnstod. 

I  shall  now  oxlubit  white  or  neutral  light  and  ordtt 
artificial  liffbt  in  contrast.  This  may  be  done  in  difieri^nl 
ways.  It  is  done  conveniently  and  distinctly,  by  transmittiiii 
the  lights  through  paper,  or  other  pellucid  substance,  hi 
means  of  (lie  simple  appai-atus  represented  by  the  fidlowing 
diagram.     It  is,  ^  course,  to  be  used  in  a  dark  apartmont. 
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A  B  C  D,  box  of  tin-plftte  of  such  bIko  an  may  be  neces- 
sary, bright  within,  opening  at  the  front,  AB,  and  the  b: 
CD. 
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[       Z,  horizontal  line  of  flames  parnllcl  to  the  middle  of  A  B, 
Pand  about  balf  the  height  of  A  B,  hcfaimi  it,  to  ilifTasc  the 
%ht*     It  has  already  been  remai-ked  that  gaa  is  the  moat 
tuitable  lights  and  that  candleB  are  the  least  so. 

F  O,  ope&mgs  across  the  box,  for  tlic  admission  and  dia- 
cLarge  of  air,  blackened  within,  and  formed  ao  that  light 
may  not  escape. 

HI,  bine  glass  across  the  upper  half  of  the  box  nnd  a 
little  back  from  the  front,  so  that  the  inequalities  of  the 
paint  on  tlie  glass  may  not  appear  on  the  front  paper. 

I K,  plies  of  tissue,  or  other  white  paper,  immediately  be- 
low the  glass,  to  reduce  the  light  there  to  the  same  intensity 
as  that  tran>imtttcd  through  the  glass, 

I  L,  thin  horizontal  partition,  almost  touching  tlic  front 
paper,  to  keep  the  two  lights  separate. 

Wliite  papers,  moveable,  ai-e  stretclicd  across  the  front 
A  B,  having  colours  or  sketches  painted  upon  them  to  shew 
the  contrast  of  the  two  lights,  the  upper  half  of  the  papers 
exhibiting  white  light,  the  lower  half  ordinary  avtificinl  light. 
The  papers  ought  not  to  be  thinner  than  "  thin  post,"  It  is 
bother  that  they  should  be  thicker  if  the  light  be  sufficiently 
strong. 

One  paper  which  1  shall  exhibit,  has  vertical  stripes  of 
wliit*,  and  of  the  primal^  ajid  the  secondai-y  colours,  whicJi 
I  painted  by  daylight  with  transparent  water-colours,  each 
stripe  of  eolorn-  being  light  upon  one  aide  and  gradually 
deepening  moderately  to  the  other  side. 

On  looking  at  those  stripes,  and  keeping  in  view  that 
white  light  gives  the  natural  appearance  of  coloui-s  as  in 
pure  daylight,  it  will  be  observed,  that,  by  ordinary  artificial 
light,  all  is  involved  in  tlie  exceedingly  strong  orange  tinge 
before  described,  and  the  appeai-ance  of  the  colours  is  altered 
ftCCOnliugly;  for  example,  Kkile  and  i/tlluw  b<.-come  hardly 
distinguishable  from  each  other.  Orange,  if  pale,  becomes 
not  distinguishable  from  yellow.  If  more  intunse,  it  buconics 
a  little  warmer.  lied,  if  pale,  becomes  hardly  distinguish- 
able from  yellow.  If  more  intense,  it  becomes  less  or  more 
I  orange,  and  ultimately  verges  toward  red.  Jilnc,  if  of  n  ecr- 
[    tain  intensity,  becomes  a  pure  neutrni  gi'cy,  the  blue  being 
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neotralisod  \>y  tbe  ontnge  of  the  light.    If  Icsa  intenite,  it 
beoomea  a  doll  orange,  being  the  excess  uf  tlt«  urango  of  tlic 
light  combined  with  tlie  neutral  grvy  produced  bjr  the  re- 
mninticr  of  the  orange  combined  with  lie  blue.     If  more  in- 
tc&fio,  it  bbcomoii  of  a  vory  dark  grey,  slightly  tinged  wii 
tbo  excess  of  blue.    Oretn,  if  pale,  beeomea  of  a  doll  oraug^l 
\c»B  or  inoro  tinged  with  gi'oy-     If  more  intense,  80  tJiat  th9J 
orange  uf  thu  light  inay  be  netitralixed  by  the  blue  of 
gruoD,  it  becomes  of  a.  dark  muddy  tinge,  nioi'e  or  Ie8H  of 
yellowish  cast.     Ptirpte,  if  pale,  becomes  hardly  disting 
able  from  orange.     If  mora  int«nae,  bo  that  tbe  oi-ange  i 
the  light  tuay  be  neutralir-ed  by  the  blue  of  the  purple, 
becomei^  of  a  dark  muddy  tijigo,  more  or  Icsa  of  a  rcddU 
oast.    The  appearance  of  all  the  more  compomid  colours  ij 
aitei-ed  in  the  name  manner ;  the  vrbito  forming  light  tint 
becoming  orange ;  tlie  blue  entering  into  tlie  vuriutut  com^ 
poundH  of  green  and  purple  being  almost  lost,  from  tbe  want 
of  blue  in  the  light ;  and  ttu^  red  and  yellow  entering  int 
compounds,  being  much  heightened. 

The  dilleronce  of  elfect  of  the  two  lights  will  perhaps 
more  ntriking,  by  now  exhibiting  on  the  front  of  tlie  boi 
nnother  pnper.  on   the  uppi'i-  and  lower  halvc.t  of  which 
painted  witli    tranoparent  wjilei'-colours,  by  daylight,  tw« 
Rl<etehe»  precisely  similar  to  each  other.     It  will  be  pai-tici 
lai-ly  observed  how  much  the  blues  and  the  compounds 
blue  ai-e  detiti-oycd. 

It  is  thuK  obviou.s  how  very  much  ordtnui'y  aiiiGcial  ligl] 
i*  inferior  to  wliitc  li.eht,  or  rather  how  unlit  it  in  to  bo  used,' 
wherever  it  is  neceeeary  to  diHtiuguish  the  colours  of  object^ 
or  desirable  to  perceive  them  in  their  natural  plconiug 
harmonious  appearance. 

In  ubtoiiiinK  white  or  neutral  light  by  the  method  noi 
proposed,  there  ia  of  course  a  loss  of  a  lai-ge  portion  of 
artilicial  light.     Thia  loss  consists  partly  of  tlie  light  whiol| 
would  bo  loEit  by  reflection  and  extinction  in  paH&iug  tbrou| 
colourleflH  IranHpnrent  glas»,  except  Hint  Uiere  is  no  refleaJ 
tion  from  the  glass  on  the  side  which  is  painted,  instead 
its  Veinjr  from  both  sides  as  usual ;  which  loss  appears, 
L-oi'ding  to  obtteni'ations  made   by  Sir  William  Hcrschcl, 
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rarj-  from  about  oue-tliirticUi  to  about  one-fifth  part,  accord- 
ing  to  tho  qaalily  of  tlie  gla^H,  fi-oni  pure  colourless  plato- 
glu«it  or  white  flint-gltiss,  downwards-'  But  if  the  angle  of 
iiuiidence  be  rtilmed  to  60°,  tliere  is  a  perceptibly  greater 
loss  of  light,  wbich  increases  rapidly  as  the  nngle  is  farther 
reductd  ;t  Unci,  therefore,  such  oblic^uity  ought  to  be  avoided. 
U  C0Dtti»t«  bIbo,  in  \he  case  of  painted  glass,  of  the  light  lost 
by  defect  of  ti'ansparency,  tvliicb,  of  course,  vanes  accord- 
ing to  the  execution.  But  it  consists  chiefly  of  the  great  ex- 
cess of  oruoge  in  the  light  not  stopped  by  tJie  two  preceding 
cnusw,  which  is  absorbed  by  the  blue  of  the  medium  as  be- 
fore noticed.  The  total  loss  in  any  case  is  easily  ascertained 
by  mvHDH  of  shadows  in  the  usual  manner.  But  it  appears 
that  by  using  a  bright  flame  and  glass  of  good  tiuallty, 
"  coloured"  or  well  painted,  the  loss  aliould  not  exceed  fivc- 
ttixths,  or  at  most  six-sevenths.     It  may  be  less. 

The  loss  of  light,  of  course,  causes  a  correspcjnding  iiierease 
of  exponse.  But  it  appears  that  the  objection  on  this  ground 
is  not  ao  great  aa  might  be  aulicipated.  Di-  Pyfe  states  the 
following  among  the  results  of  observations  made  by  htm 
with  regard  to  the  expense  of  a  variety  of  materials  for  pro- 
ducing light:  taking  as  the  unit  the  expense  of  good  coal-gas. 
yielding  12  per  cent,  of  matter  condensible  by  chlorine : — Gaa 
nrgand,  I'OO;  gas  swallow-tail,  1-40;  solar  oil  in  solar  lamp  ; 
2'00 ;  aolnr  oil  in  common  argand  lamp,  398 ;  whale  oil  in  do-, 
600  i  speiTU  iu  do.,  800 ;  moulded  candles  (short  sbces),  with 
two  wick»,  12-70,  with  one  wick,  1350  ;  wax  candles,  25-90 ; 
Spermaceti  and  composition  candles,  29'20.J  So,  that,  sup- 
posing the  expense  of  white  light  to  be  six  times  that  of  ordi- 
nary artificial  light,  it  may  be  produced  by  a  gas  argand  lamp 
for  little  more  than  the  expense  of  the  same  quantity  of  orange 
light  from  common  ivhale  oil  in  an  argand  lamp ;  for  about  half 
tho  expciiwe  of  tallow  candles  ;  and  for  less  than  a  fourth  part 
of  tJte  expense  of  wax  candles ;  and  if  gas  cannot  be  obtained. 


*  8m  TiMo  by  Sir  Willwm  IleMchel,  in  Reoa*  Oyclopadia,  '■  Light." 
t   &O0  Til)lc  br  M.  Ilouguor.  ibid. 

;  TnuiMdioiiH  of  tin--  Hojul  ScoltUh  Bocif  ty  of  Art»,  vol.  ii.,  pp.  133-U7  i 
Kdinburgh  New  PhilUBOi>liwi>l  Juui-aal,  vot.  xsiil.,  pp.  3S1-23G> 
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the  solar  lamp  may  be  uwd,  which  will  produce  white  ligh^— 
at  the  euiiue  expense  as  orange  light  from  tallow  candles,  uii^| 
at  tetia  titan  half  the  expense  of  wax  candles,  independently 
of  the  dimtiuilton  of  the  ratio  of  orange,  in  consequence  of  the 
great  hi'if^lit  ncMs  of  the  ftame  of  thnt  lamp. 

The  want  of  inteiunlg  of  the  light.,  iiit  tliua  modified  hy  Uij 
1)1(10  medium,  in,  to  a  certain  extent,  a  defect  for  itome  partl^ 
ciilai*  purpoMes,     But,  for  general  ase,  the  intennity  of  arti- 
ficial light  in  often  suhdued  and  diffused  by  ground  glnsi*  < 
otiier  meann  used  expressly  for  that  purpose.    And  any  quan 
tity  of  neutral  light  may,  of  course,  be  obtained  by  using 
proportionably  jpvater  quantity  of  flame ;  and,  if  ncccfisary,! 
may  be  concentrated  by  using  lunfies,  or  metallic  reflectors' 
properly  conBtructcd  and  applied ;  the  use  of  wbicb,  indeed, 
where  ai)[ilicablc.  may  render  a  great  increase  of  flame  uil^| 
necessary-   And  I  ani  not  aware  of  any  other  means  bo  conve- 
nient and  unexpensive  of  producing  the  uniform  neutral  light 
or  artificial  daylight,  so  desirable  for  many  purposes. 

I  submit  these  imperfect  hints  with  difitdeneo.  But,  pcrj 
hap«,  they  may  be  of  this  use,  at  least,  that  they  may  tend 
to  di'aw  the  ntteution  of  more  competent  persons  to  the  pro- 
duction of  white  or  neutral  light. 

EDINDUItOH,  IS'IG. 
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PosUcriiil. — Since  writing  these  observation  »,  my  attcnti 
lias  been  directed  to  a  short,  popular  ti-eiLtise  "  On  the  Influx 
ence  of  Artificial  Light,  in  causing  impairad  Vision,  and 
some  Methods  of  Pi-e  venting  or  Lessening  its  Injurious  Effects 
on  the  Eye,"  bythelat«Dr  James  Hunter  of  Edinburgh,  pub- 
lished  in  1840,  of  which  I  iras  not  aware,  and  which  appears 
to  be  a  judiciouE*  and  intelligent  work.  One  of  the  mothodi 
recommended  by  him,  is  founded  upon  the  sound  and  obvioii 
principle  of  coiTeeting  (he  excess  of  orange  in  artificial  ligh 
in  order  to  produce  white  light,  or  something  near  it.  Bui 
although  the  means  proposed  by  him  for  effecting  this  may 
he  suQicicnt  as  palliatives  for  medical  purposes,  they  appear 
not  to  be  suitable  for  Uie  purposes  of  art.  One  of  thoi 
means  ia  tu  use,  over  an  argaud  Hame,  or  a  flat  flame,  a  o 
nical  reflector,  the  inside  of  which  is  without  gloss,  and 
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stained  or  painted  of  a  tint  of  blue,  of  wliich  he  gives  a  speoi- 
Bien,  ia  order  to  absorb  tlie  orange,  aud  to  throve  dotvn  the 
blue  rays  to  qualify  tiie  orange  light  below.  But  upon  try- 
ing it  over  an  argand  flame,  with  the  tint  prescribed,  and 
abto  with  a  darker  tint,  I  found  tliat  the  orange  tint  below 
WBS  not  materially  subdued.  Ho  also  propoNus  the  absorp- 
tion of  the  excess  of  orange  by  transmission  through  a  blue 
ttcdium.  One  of  the  modes  proposed,  is  to  have  the  chimney 
of  lui  argand  lamp-stand  of  a  "  very  pale  blue  colour,"  and 
(o  (hrow  down  the  light  transmitted  through  it  by  a  bright 
conical  metallic  reflector.  But  this  description  of  the  tint  of 
Uae  i»  very  indefinite,  and  it  does  not  appear  to  iudicato 
aurly  the  depth  of  tint  necessary  for  neutralization,  which 
absorbs  so  large  a  portion  of  the  li^ht  as  before  mentioned. 
Another  mode  proposed,  ia  to  transmit  the  light  of  an  argand 
flame,  or  a  flat  flame,  by  a  similar  reflector,  through  a  disc  of 
glaas  onder  the  flame,  stnined  hluu  of  such  a  depth  of  tint, 
that  a  piece  of  white  paper  seen  tiirough  it  in  daylight,  mny 
appeal'  "  nearly  of  the  colour  of  the  blue  sky,"  ov  foi-  wood 
engraving,  and  some  other  such  pui-poses,  to  f  ransniit  the 
lighl.huving  a  common  white  reflector  over  the  flame,  thi-ough 
» large  globular  glass  bottle,  containing  water,  coloured  ac- 
cording to  the  same  standard.  But  the  intensity  of  the  blue 
of  the  sky  varies  thi-ough  every  tint,  from  the  darkest  to  tho 
palest,  according  to  the  latitude  of  the  place,  the  state  of  tho 
atmosphere,  oi-  the  part  of  the  sky  observed,  tho  blue  towards 
tlie  Jicnith  being,  in  general,  ninny  times  darker  than  that  to- 
WMsIs  the  horizon.  It  will  bo  observeJ  also,  that,  by  those 
modes  of  absorption,  more  or  less  of  the  arti6cial  light  is  al- 
lowed to  escape  unmodiBed.  Whereas,  by  the  method  which 
I  have  suggested,  this  ia  pi'evented;  aud,  by  adjusting  the 
colour  in  unison  with  white  natural  light,  a  standard  is  at 
once  obtained,  which  is  precisi?,  correct,  and  invariable,  and 
which  secures  tho  pi-oduction  of  pure  white  light  fit  for  any 
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"  I  tbink  that  I  faavo  obtAinesJ  a  precise  and  decisive  reftult 
with  respect  to  the  j^rcat  question  of  the  atratiflcation  of 
gneiss,  which  has  so  long  occu]>icJ  mc.  Front  what  we  saw 
at  tlie  Mettenberg  and  in  Tlrbach,  it  is  perfectly  evident,  tlint 
the  direction  of  the  lamina*  of  gneisa  is  independent  of  what 
is  called  atratilication,  that  is  to  sftv,  tliat  it  is  not  an  effect 
of  gravity,  that  these  slaty  rocks  have  not  been  elevated  from 
a  horlKOiital  poHition  into  the  vertical  one  in  which  we  now 
find  Ihem :  that  tlie  great  mountain  masses  with  a  fan-like 
stratification  have  acquired  this  structure  s«  an  effect  of  crya- 
tallieation,  or  of  oth(>r  forces  independent  of  gravity.  Yon 
are  aware  that  the  calcareous  mass  of  the  Sletlenberg  forma 
ft  wedge  in  the  gneiss,  and  that,  in  the  valley  of  Urbacb,  seve* 
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nvl  wedges  of  limeetonc  and  gneiss  arc  fitted  together ;  but 
in  the  two  localities  the  slaty  structure  of  the  gneiss  does  not 
shew  the  least  dependence  on  the  limits  or  form  of  thcM 
wfdgea.  The  dip  is  to  the  soutb,  under  an  nugle  of  50', 
while  the  limit  of  the  gneiss  mid  limestoin;  is  horizontal.  To 
maintain  the  opinion  of  the  elevation  of  the  gneiss,  wouM  be 
to  suppose  that  llii.-*  i-oclt  was  older  llian  the  limestone,  and 
that  the  latter  was  introduced  into  the  crevices  of  the  mass 
of  gneiiig ;  a  supposition  which  is  inadmissible.  Bat  if.  on  the 
one  hand,  I  am  satisfied  that  the  theory  of  the  origin  of  our 
mountains  of  gneiss  by  the  tilting  of  tlie  strata  {par  ridnstte' 
meni)  is  erroneous,  I  am  fai-  from  being  able  to  give  a  better 
one.  Supposing  the  gneiss  to  be  schistose  lava,  we  must  be 
siirpnsed  to  tind  so  little  change  in  the  limestone  inclosed  in 
it  or  in  contact,  whilst,  in  contact  with  granite  and  other 
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ivdca,  wc  &iid  thelimeatonopasi  into  Haccliaroid  marble  ;  and 
we  are  miKli  eiDbarraased  by  so  nuiny  pi'oofs  of  aii  insens^ible 
passage  from  gDeisB  into  Bedimentary  rockB. — proofs  which, 
of  Iiitv  years,  have  m»dc  tlie  opinion  of  the  origin  of  gneiss 
bj  mctiLtuoqthism  to  be  almost  uDivcrsally  adopted." 


On  an  Economical  Mode  ofusinj  the  Potato ;  in  a  Letter  ad- 
dr^Mfd  lo  Pro/etsor  Jameson.  By  John  Davy,  M.D., 
F.R.S.,  inspector-General  of  Armj  Hospitals,  8tc 


Mt  dear  Sir, — ^The  eai  accounts  which  I  i-ea^l  in  the 
newspapers,  of  the  diseased  state  of  the  potato,  and  its  conse- 
{oent  decay  in  most  parts  of  the  country  at  home,  and  espe- 
cially in  Ireland  and  the  Highlands,  bring  to  my  recollection 
some  trials  which  I  made,  before  I  left  England,  on  this 
root  aa  an  article  of  food,  with  a  view  to  economy :  a  few  of 
the  results  of  which  I  now  beg  leave  to  communicate  through 
you  to  the  public,  with  the  hope  of  a  chance  of  usefulness. 

It  in  known  to  the  chemist  that  the  potato  consists  prin- 
cipally of  starch,  of  certain  juices,  chiefly  water,  impregnated 
witli  a  variety  of  pi-osimate  principles,  and  of  a  cellular 
fibrous  structure  in  which  the  starch  and  the  fluid  parts  are 
held. 

In  the  ordinary  method  of  making  potato-starch,  a  rude 
analysis  is  effected ;  the  greater  portion  of  the  starch  ia  se- 
parated from  the  cellular  fibrous  structure,  and  also  from  the 
juices  of  the  root.  As  the  process  is  commonly  condncted 
on  a  small  scale  for  domestic  purposes,  tlicre  is  much  waste ; 
it  is  only  the  starch  that  is  preserved,  and  not  the  whole  of 
it,  for  some  of  it  is  retained  in  the  cellular  structure :  the 
cellular  fibrous  part  with  the  juices  is  either  thrown  away, 
or,  where  a  stricter  economy  is  observed,  is  given  to  the  pigs. 

It  is  to  this  part,  the  cellular  fibrous,  that  I  wish  to  call 
attention,  because  I  believe  It  to  bo  nut  without  nutritive 
power,  and  deserving  of  i^are  equallywitli  the  fecula,  the  nutri- 
tive power  of  which  it  may  even  surpass.  I  am  induced  to  form 
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Uiis  conjecture,  considering  how  low  is  tlie  eEtimated  nutri- 
tiTc  power  of  starch,  and  from  the  circumstance  that  the  cel- 
i  Iiilar  fibrous  pitrt.  when  dried,  yields  ammonia  on  destroctive 
^diNtil  lilt  ion,  uiid,  whi.'n  incinerated,  a  comparatively  large  pro- 
portion of  the  phosphates  of  Ume  and  magnesia,  with  8om« 
potash  and  a  little  silica. 

Reflecting  thus,  I  waa  induced  to  have  tlie  cellular  fibrotifl] 
portion,  after  the  extraction  of  the  greater  part  of  the  starcli^] 
dreaaed  for  trial.     It  wftH  put  into  the  hands  of  the  cook,] 
with  directions  to  make  it  into  biscuits,  baking  them  in  till 
oven.     So  dressed,  very  slightly  browned,  they  were  agrc 
nblo  to  eat  at  the  time,  and  tliey  kept  remarkably  well.     De- 
forc  I  left  England  I  examined  one  which  had  been  wrapped 
in  paper  and  deposited  in  a  close  cupboard,  and  it  was  theaj 
good  after  twelve  montJia'  keeping.     To  give  it  ftnrtJier  ar 
RCTcrer  trial  as  to  its  power  of  keeping,  I  brought  it  with  xatA 
to  the  West  Indies,  and  placed  it  here,  in  jiarbadoes,  in  »| 
vlofle  press,  with  some  other  vegetable  substances,  whichj 
had  been  preserved  a  long  while  in  England  by  being  merely  I 
dried  by  exposure  to  the  air,  cut  into  thin  slices,  such  as  tur- 
nip, caiTot,  and  apple.     On  examining  these  vei^  recently,') 
after  liaving  been  nearly  a  year  and  a  half  within  the  troi)ic», 
I  found  them  all,  with  the  exception  of  tlie  biscuit  from  tha 
potato,   spoilt,   being  covered  with  mildew,    whilst  it  ws 
liardly  perceptibly  affected  by- mildew,  and,  after  exposurej 
for  half-an-hour  to  sunahine,  had  not  the  slightest  smell  of  j 
mildew ;  and  moreover,  when  tasted  by  a  very  competent  I 
judge,  accustomed  to  the  luxuries  of  the  table,  was  pronounced 
to  be  not  unpleasant. 

Does  not  the  foregoing  admit  of  practical  application?.] 
Wlienever  there  is  reason  to  suppose  that  pot4Ltocs  arc  in-j 
focted  with  tlie  prevailing  disease,  would  it  not  bo  judicious,] 
without  loss  of  time,  to  subject  them  to  the  process  men- 
tioned,— first,  extracting  their  fecula,  wliich  has  often  been  ] 
recommended  and  practised  ;  and  next,  coUccling  and  pre- 
serving as  an  article  of  food,  by  drying  and  baking,  the  cellu- 
lar fibrous  portion  ?  Even  in  favourable  years,  when  there  is 
no  risk  of  the  potato  rotting,  it  might  often  be  advantageous 
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W  prepare  a  portion  of  the  potaig  inlliigway:  it  ivoiiM  aftbnl 
STarietj-  in  the  form  of  diet  to  the  poor ;  the  »tarcli  would  bvito 
to  make  puddings,  und  answer  all  the  ptii-posca  of  an-ow-root, 
Ur  whicli  it  is  so  often  sold  in  the  shops  ;  ii>nd  the  ct'liular 
jMirts  dressed  as  a  cake  with  a  little  sugar,  or  as  n.  biscuit, 
might  serve  the  purpose  occasionally  of  bread.  It  might  be 
QBeful  also  at  sea  on  long  voyages  ;  and,  if  mixed  with  a  cer- 
tain [MjitioD  of  potafo-sljirch,  it  might  be  considered  as  al- 
most identical  with  the  potato  itt!elf,  posHcssing,  as  the  mix- 
lur«  would,  all  the  ingredients  of  the  potato  not  soluble  in 
cold  water ;  and,  as  regards  the  starch,  its  quantity  might  be 
(0  rcgulRted  as  to  be  in  the  host  proportion. 

I  may  offer  another  economical  suggestion,  which  may,  I 
tliink,  be  deserving  of  attention,  with  a  view  to  avoid  waste 
a  much  OS  possible.  Potatoes,  on  being  boiled,  whether  in 
Owir  Kkius  or  without  tbom,  yield  to  the  water  a  portion  of 
itarcb,  and  also  of  a  nitrogenous  matter,  matdng  a  weak 
brotb.  This  broth  has  a  pleariant  taste  like  that  of  a  very 
dilato  animal  broth  ;  and  U-ated  by  con-osivo  sublimate  and 
tincture  Cff  iodine,  affords  indifations  of  the  presence  of  al- 
buminous matter  as  wkII  as  of  starch.  Moreover,  the  extract 
obtained,  by  evaporating  it  to  dryness,  burns,  emitting  a 
»mcll  of  animal  matter  burning,  and  yields  an  ash  containing 

\  notable  portion  of  potash  and  phosphate  of  lime.     I  may 
aark  that  these  substances,  with  maguesia  and  peroxide 
~of  iron,  are  also  found  in  the  potato-skinj  in  which  also  they 

re  probably  combined  with  an  azotisod  matter,  whieli  may 

ender  even  the  skin  likewise  nutritive. 

conclusion,  may  I  be  permitted  to  obseri'e,  that  when 
ae  is  threatening  a  people,  ought  not  attention  to  be 
given  to  every  substance  of  native  produce  available,  capable 
of  affording  neoi-Islmient,  such  (to  mention  a  small  number)  as 
the  acorn,  the  hoi-se-clicMtnut,  the  ground-nut  \  These  contain 
a  large  proportion  of  starch,  and  the  two  first  mentioned  a 
deal  of  albuminous  matter.     They  are  not  pleasant,  it 

I  true,  to  eat,  on  account  of  the  presence  of  a  bitter  prin- 

iple,  which,  probably,  may  he  destroyed  by  i-oasting  or  some 

iiev  simple  process.    In  the  histance  of  the  sheep,  the  borae* 
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chenlDut  is  fcRtnd  to  bo  nn  exc«odtDjir1y  nouriiihing  food,  and  U 
no  iwed  in  Hwitzerland.  Tlic  nulrittve  qunlity  of  scornii, 
lis  the  food  of  Bwinc,  i«  well  known.  It  may  «eera  ile- 
f^rndiiig  ftu*  man  to  deuend  to  tlte  food  of  bnilo  animals ; 
but  on  lh«  dire  Gventof  famine,  tiuchonmnderation  fnniircljr 
tnflin^,  not  wortliy  of  a  moment's  thougbt,  though  dowrr- 
ine  of  all  attention  in  pmapei-ous  and  ordinat-y  tim«>!(,  in  rela- 
tion to  tlic  welfare  and  the  prevention  of  the  degradation  of 
the  working  olnaneii; — an  attention, anforttinately,  which  it  IiM 
not  overywhero  i-eeoivcd,  as  the  existing  calamity  in  Iroland 
too  strongly  shewa.-^'I  I'Mnaiii,  iny  dear  Sir,  with  mnch 
f«t«em,  faithfully  yours,  '  "«•"  >"  J.  Davt. 

1lAKlli.lMXii,  JTw.  18,  ISll!. 


Proeetdings  of  the  Wemerian  ffahirai  HUtor}/  .^ciefy. 

At  the  40th  AnniTorrary  Meeting  of  lliw  Society,  heJJ  in  the  Col- 
lege on  the  28th  Xovemboi',  the  following  gentleman  were  elected 
office-bearers  for  1847  : — Professor  Jamoaon,  President. — Dr  Gro- 
TiUav  Dr  Brunton,  Proftmor  Goodsir,  Dr  Andorson,  W.  Copland)  ■ 
Ksq.,  and  Dr  Coldstream,  Vice- Presidents, — R.  Slorenson,  Esq., 
David  Milne,  Knq.,  W.  A.  Cadell,  Esq.,  A.  J.  Adie,  Esq.,  Dr  FJe- 
lulug,  Professor  Traill,  Sir  W.  Jardine,  and  Professor  Balfour,  of 
the  Council. — Dr  Neill  and  T.  J.  Torrio,  Esq.,  Joint- Secretaries  t 
A,  G,  KIUb,  Esq.,  Treasorer;  J.  Wilson,  Esq,  and  Dr  UauJli 
Joint-Librarians ;  and  W.  II.  Townsend,  Esq.,  Artist. 

At  the  meeting  held  ou  tho  19tli  Deceiuber  (Rev.  Dr  BrunloD 
V.F.,  in  the  chair),  aeTeral  very  intcrestiug  oomniiuiications 
brought  forward. 

The  first  eonsifrtcd  of  an  aceniint  of  tbe  habits  of  the  Eqnus  heini< 
onus  or  Wild  Korsc,  and  of  the  Great  Indian  lUsmioti  drawn  up  by 
Mr  Laurence  Jameson,  from  specimens  received  from  his  brother  Wil- 
linni  Jameson,  Esq.  (Hon.  E.I. CSerriof,  Saharunpoor),  ivtm  huddiot 
both  on  the  plains  of  Chinese  Tartarj-,  neither  being  I'ounJ  on  tho 
BrttUbsideof  (he  Himalaya  range.  The  eltius  oi' both  Imd  boiin  Kcnt 
home,  and  the  BtuffL-d  specimens  were  now  eshtbitod  to  the  mooting. 
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The  Equns  heniEonus*  (na  miplied  in  the  q)ecific  name)  is  jntonne- 
iSUe  in  its  charactore  botween  thi;  horeo  and  tbo  aas.  In  comparing 
the  wild  with  the  domuxtic  horse,  Mr  Jnmcson  I'einarled,  that  tlie  farad 
b  moch  larger  in  proportion  to  the  site  of  tlio  animal ;  tile  cars  longer 
utd  more  ereot ;  neck  finer  and  more  slender  ;  legs  more  slender ; 
Uil  asinine ;  hoofs  aleo  asinine,  and  siibc^lindricnl ;  mane  short,  and 
of  a  deep  brown  colour,  approaching  to  liver  brown  :  nioutb  rather 
iuall,  and  nastrik  situate  eloee  to  the  muitzlc ;  a  dorsal  line,  of  a  deqi 
chestnut-brown,  extending  from  the  bottom  of  the  niano  to  two-thirds 
tlong  the  tail,  ths  latter  third  being  composed  of  a  tuft  of  black  lair. 
Tfce  geueral  colour  of  tho  animal  is  characteristic  :  niuizle  white ; 
Iiead,  face,  and  oiternal  portion  of  ears,  chcstiiut-bi-oivn  ;  the  body, 
and  Uu)  vsiernal  parts  of  the  shouIdi?rs  aiid  boms,  aro  of  a  wood 
brown  colour ;  wliilu  the  fore  parts  of  the  neck,  belly,  and  legs  are 
white ;  and  tlie  line  where  those  two  oolours  meet  is  woll-dcBned, 
tho  colours  nowhere  blending  into  each  other.  Mr  Jameson  further 
mentioned  that  the  specimen  stauds  exactly  1 3  hands  high  ;  and  tliat 
tlie  other  most  important  measurements  were — length  of  head,  3  feet ; 
neck,  2  foet  6  inches;  back,  from  shoulder  to  rump,  4 feet 8 inches ; 
tail,  1  foot  6  inches ;  legs,  4  feet  8  Inohea ;  circumferenco  of  neck, 
1  foot  10  inches  :  giith  of  body,  5  foot ;  from  flank  ta  Hunk,  2  feet 
(^  inches ;  length  of  ears,  8  inches.  The  dental  system  was  unforw 
tmiately  imperfoct  in  die  apecimcn. 

The  Turtsrian  Marmot  was  found  to  be  entirely  new  Co  natural 
history,  and  greatly  superior  in  uta  to  all  its  congeners,  several 
American  species  being  placed  en  the  table.  Profiissor  Jameson 
has  named  it  Arctomys  tataricus,  and  the  following  is  tlie  descrip- 
tion : — Length  from  nose  to  tip  of  tail,  2  feet  10  inches  ;  length  of 
tail,  6j  inches;  girth  between  scapiilco  or  round  anterior  flanks, 
1  foot  1  inch  ;  girth  round  posterior  flanks,  1  foot  5  inches  ;  length 
from  flank  to  flank,  1 1  inehes  ;  extremities,  8  inches ;  girth  round 
tliroat,  11  inches;  heiglit  at  shoulder.  9  inches: — head  and  eyes 
rather  Urge ;  eara  rudimentary  ;  nostrils  black,  and  naked  at  the 
part  wbieti  separates  them  :  upper  Up  diatluctly  bilobated,  leaving 
the  incisors  uncovered ;  moustaches  on  both  sides  of  muxxle,  and 
above  and  below  the  eye : — teeth,  2  incisors  in  llio  upper,  and  2 
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ftUo  in  tbo  unilar  jaw ;  10  mobn  iii  the  upper  Jtw.  6  on  cue 
of  tlio  Encuoii,  anil  8  in  tbo  und«r  Jaw,  or  4  on  CMjb  cido  of  tbo 
incisors,  mniii^  iii  all  H  Icctli :— tlio  colour  of  Hw  upper  part  of 
tbo  body,  and  oxtcnial  pui  of  exUvmitiei,  jollowisb-grej- ;  fucr, 
daric  gray ;  under  part  of  body,  inuor  aide  of  Ugn,  and  lower  part  ot 
tliroat  nnd  neck.  otang»-yollow  ; — fur  of  two  sorts,  liairy  and  woolly. 
tlio  roots  of  tbo  bairy  portion  being  imboddcd  in,  ov  surt'ouoded  by, 
tlio  woolly  ;  when  a  single  bail-  iti  oxaniinod,  it  is  found  to  be  tipped 
with  black,  white  in  Ilia  middle,  and  of  a  sUt«-grcy  below  ;  the  fur 
itt  partiaiilnrly  tliick  on  the  bauk,  flunkii,  butly,  outer  side  of  limbs, 
Dii<I  oKpocially  on  the  cheeks,  whcro  llio  IcngUi  of  the  hair  diangee 
the  apparctnC  proportions  of  tbo  head. 

Or  Traill  expressed,  in  strong  torniii,  how  much  wo  owe  to  til 
scientifio  zu»l  and  perseverance  ot'  Mr  William  Jameiion  of  Salinrnr 
poor,  for  the  transmifsioo  to  bis  nativs  city  of  fiiicb  ram  and  valui 
bl«  apocimens.     lie  Ukowlse  made  some  iuterebtiiig  remarks  on  thd 
distinction  between  the  HemionuH  and  the  Onager,  and  oxliibited  th0_ 
figures  given  by  Pallns  and  Kor  Portecr. 

At  tbo  same  meeting  Mr  Robert  Bald,  mining-englnoor,  gave  a> 
nccount  of  remarkable  derangements  occurrbg  lu  tbe  sandstone  strata 
at  Binny  Craig  Quarry,  occasioned  by  trap-dykes.    Specimens  of  tlu 
sandKlonc,  now  extensively  used  in  building,  were  exhibited.     It 
rather  bomogeneous  in  appearance  ;  hut  miniito  scales  of  mica  can  ' 
obcerved ;  and  it  was  mentioned  that  by  noticing  to  keep  these  Bcale 
always  iu  a  borizeutal  position,  masons  could  with  certainty  plae 
tlieir  blocks  in  bed,  where  they  remain  nnaltered  by  the  weather,  an 
not  on  edges  when^the  mica  is  apt  to  permit  the  water  to  ente^ 
and)  by  frost,  to  occaMoii  the  splitting  up  of  the  stone. 

Professor  Goodtiir  afterwards  exhibited  specimens  alive,  in  kc 
water,  of  the  polyp-like  young  of  the  Medina  aurila  (tbo  conimoiij 
sea-blubber) ;  also  a  gioup  of  the  living  Coryns  squamata,  in 
act  of  throwing  off  tlieir  medusa-like  larvie.     Tbe  yeung  medusa 
had  been  received  that  inorniug  (in  a  well- protected  phial,  sent  bj 
post)  from  Dr  Beid  of  St  Andrews,  to  whoso  inteiestiug  rcseai-che 
on  this  Gubjoct,  as  well  as  to  those  of  Sars  and  Suibold,  he  brieil^ 
aUaded.      Tbo  looometivo  sca-blubbcrs  are,  at  first,  when  youna 
small,  fixed,  polyp-like  animals ;  whereas  the  fixed  or  rooted  poly^ 
are,  when  young,  locomotive,  and  resemble  minute  sea-blubbers. 
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21«/  Dtcember  1840. 


1.  To  BnuAucH  FoTHenoiu.,  of  MttnchuU'r,  in  the  vounly  of  Lau- 
va\agt,  machino-mAkdT,  "  uiiproveiucmls  in  certain  parti  of  nutcliiner/ 
Dfed  ill  Uie  prepanitiun  for  spiiuimg,  and  in  spinning  auU  doubling  of 
oKton-wool  And  otlier  fibroaa  Bubatanoefi." — Sitb  September  1S4K. 

S.  To  Joucnt  Ghav,  of  Redcrosa  Strict,  Soutbwark,  niuchlnlst,  "  im- 
pnromenU  In  gas-metcre." — 24lh  Scplember  1 516, 

'i.  To  ItOBEHT  Hkith,  of  Ueiithflelil,  in  thu  oaunlj  of  Lancaster,  gcn- 
tlpman,  "  pertain  improvomenls  in  tlio  conatructiuu  of  wliotls.  axles,  and 
bearings,  to  lie  used  upon  rail  and  otlier  rood*,  which  iroproTementa  are 
nlco  applicable  to  mill-geacing  uid  other  purposea.'' — 26th  Soptember 
1S46. 

\.  To  Joan  WAWirnToN,  of  KearsU-y,  in  the  county  of  Lancut^r,  tin- 
smith, ''  certain  iinptuvcmenti  in  niacliiticry  or  uiiparatuB  for  prqioring, 
tiubbing,  and  roving  cotton-wool  and  other  Hbrous  materials." — 33th 
Soplwnber  1346. 

5.  To  .\xToNia  Jaugs  Matkb,  of  Ashley,  in  tho  county  of  MiddUaex, 
gentleman,  '' jropnivements  in  certain  wood  and  cutting  niBchineg." — 
aSth  September  1846. 

C.  To  SAinrEL  MiLsornw,  of  St  Mary'*  Cray,  in  the  county  of  Kent, 
paper- maluiT,  '■  improrementa  in  the  manafacturo  of  paper." — 29th  Sep. 
t«mber  ie4«. 

7.  To  Petfji  FA.iaBA.iim,  of  Leeda,  in  l!ie  countyof  York,  machine-maker, 
iind  Pnren  CAHUica.vEr.,  inamiger  ibr  Messrs  Koxter  Urothere  and.  Com- 
pany, llnjt-Bpinnera,  Dundee,  North  llritnin,  "  imitforemenlBin  mncliinwy 
for  drawing,  roving,  nnd  spinning  flax,  hemp,  wool,  silk,  and  other  fibrous 
taifbinoea." — Ist  October  ISIG. 

8.  To  Jobs  Llovd  Bullock,  of  Conduit  Street,  Hnnover  Square,  cha- 
nnt,  "  improvements  inthomaniJociiireof  qoinine." — 2J  October  1S46. 

9.  To  PiBRRB  ArKIND    Le  CoMTE    DE    FoNTAlSEKOBEAV,    of   43  NeW 

Broad  Stretl,  in  tlio  city  of  London,  Eoglieh  and  Foreign  Patent  OHiiW. 
bving  n  communiealion  from  abroad,  "  certain  improvcmenls  in  producing 
nrtiiieinl  furf."— 6lh  October  Xei6. 

10.  To  JoMft  TxrLOB,  of  the  Adelphi,  in  the  county  of  MIddloaex, 
gentleman,  bobg  a  commiinicntion  from  abroad,  "  impitivements  In  the 
iQanufucluTe  of  explosive  eompouudii." — 12th  Ootobtir  IS4G. 

n.  To  RoBBRT  WAEBuioroN,  of  Aiiothocary'sllull, in  thacityof  Lon- 
don, ohamisl,  "  improvements  in  pr^erving  lutimai  and  vegetable  siib- 
•loniws."— ISth  October  1S46- 

12.  To  William  Ropuku,  of  Shawfield  Street,  King's  Bond,  OheUeo, 
TOI-  SLII.  KO.  LXXXIH. — JANUARY  1847.  N 
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a  LkiulMBiit  ia  the  Rojftl  Kavjr,  "  intpravcmenU  in  nnthots."— IStb 
OcWbw  1346. 

15.  To  Jon*  PitiBdo*  Rrib,  of  tlw  cily  of  Gkigoir,  and  oMinty  of 
Lanftrt,  in  North  UHtain,  E«citk-nMii,  and  TtiaMA*  Joiimox,  of  Ibe  taut 
oitj,  nerhaaic, ''  ecrtain  bitprovMiiaBU  In  loMchfiierj  for  wi'aving,  und  fiir 
jiiwIiKiiitil  paltenu  tui<l  wMving.  M  abo  ia  tnadiumj  for  GsUhing  otr- 
tala  woTon  futric*."— IStli  October  1846. 

14.  Tu  Juitx  CoypiE,  of  Olai^w,  enginwr,  "  unprnTenwot*  in  nu* 
(Uaerf  lued  in  nanufacluring  nutUeable  iron." — I4tb  October  184S. 

Iff.  ToOtoBOK  WimiLow, of  Burton CfCMcnt,  tnlhccoimtyof  Middle- 
Hi,  metcbut,  beinf;  &  oontmoalonlion  from  ftbmd,  "  ImproTemratt  in 
DiRi>1iincr7  for  manufscluriag  lile«  and  naps." — 19th  October  1846. 

10.  To  JonM  IjOsnnorTOM,  of  Kdirwd  Street,  Leodi,  mnchnniiil,  "  im- 
yjyreincnU  in  th«  nunnfactim  of  oil-«ake,  and  in  maGliiiierj'  and  [>»• 
otnM  fw  prWMin  moA  moulding  the  Mine,  wliicb  mBthinurj  and  pro-' 
t»mn  BIO  alao  applienblo  to  tbo  Bunufanturing  of  nihrr  article*  from 
plMtic  nialcnalf."— 271!)  Oc1ob«r  1846. 

17.  To  ALrKEoMAMKwicK.  of  Langluin  Plaicc.  in  tho  oountjof  Mid- 
lOeMx.  Mxtf^n.  bring  a  conmunienltKin  from  abroad,  and  partlj:  iin  in-~ 
Tcntion  of  liis  own,  *'  trnptoTement*  in  the  manufacture  of  cpitbenu  uied 
lur  nedknl  and  *urgicnl  pnrpoaw.*' — 27th  Octolwr  1346. 

15.  To  Rtcn^Kii  Ct^nKC  Bi'aLKton,  of  tbo  city  of  Ikth,  in  the  count; 
of  Somornol  i^tleman, "  eerlain  inipiov«men1«  in  ortilioinl  light."—: 
October  lS4tt. 

19.  To  J*MKs  TnoMM  Jflliom,  of  Stnttibotd,  in  th«  oouaty  of  EsK: 
uuljrlical  rh«mi>l.  "  improrenienta  in  the  manufiioture  of  ctiHjun  acids' 
alto  inijirovcmontt  in  decomposing  certain  aeidt,  and  npplving  the  pro- 
duel*  reaultin;;  tbcrefrom  to  the  prodacticn  of  certain  cHcniicnl  eom- 
]iouadt."~-4lh  Nommbcr  1S46. 

SO.  To  Wit-LtAM  CnrKCH.  of  Birmiughani,  in  tlic  oountjr  of  WarwicV, 
ciTil.ciiSinevr,  "  improremcnli  in  mnchinL-ry  for  malting  candlcsticl:- 
]ian*,  and  otbor  srtielM  cnpalilc  of  being  niaile  vliolly  or  in  part  \ij  stamji- 
ing  or  hammering,  also  in  macbinerj  for  making  whuUy  or  b  fort  loclcets, 
«r  tube*  for  rondleMiek*,  and  tube*  nnd  tubular  artlclet  applicable  to 
TarioM  other  pncpowa." — 4tb  Xoveniber  Itvlti. 

31.  To  JoBH  M'BninK,  of  the  firm  of  U'Bride  and  Coropanj,  cotton- 
s]iiiiner«  and  )>oir«r-loom  dnth  tnanuGiKtuivn,  Alhjn  M'otIhi,  Gla«gow, 
"  bnproTement*  in  ireaving." — lllh  November  1846.  _ 

Sit.  To  JosKni  Doi'DLi*,  of  iho  borough  and  countv  of  Ncwcattlo.upon-  I 
Tyno,  rope-wakcT,  "  improvcnipnt*  in  the  manufoctuni  of  yarn,  tvriike, 
und  eorda^." — Ilth  Noreuiber  1^46. 

S3.  To  (iKOKui;  W.  Euoj:,  of  Wiiterfonl.  in  tho  ttnte  of  New  Yofi,  of 
111*  UaileJ  Slate*  of  Aiutricn,  "  an  impivTORicnt  in  tltc  niauufavture  oC 
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pHmKal  wheels  for  railway  and  vuions  otlm  urriiget." — lllli  No- 
[  nmbCT  l*4fi. 

St.  To  Wii.UAH  AmtiK.  of  Aberdecc,  in  NwUi  Britain,  gentleman, 
"ocrtjiin  imprcTemenls  iu  two  and  four  wh«aM  tMtA»fps»'' — Ilth  No- 
rnDber  1S4«. 

15.  To  JiMEs  BovDKLL,  of  Ooi  Farm  Worku,  ncai-  Oudlej-,  SUfforf 
Ina,  mojrteT,  "  unproveaneittg  io  applying  apparatus  to  eanioges  to  fitd- 
liUto  the  draft." — 12th  Norember  1846, 

BS.  To  TitoHAs  V*cx,  of  Frederick  Street,  Gray's  Ina  Hoad,  in  th« 
KwAf  of  Middlesex.  liuidaurv^A'or.  "  improvemeDts  in  the  niantifactuiv 
of  bcne-shoes  and  horso-sboo  nnii6.''~12th  November  I81tl, 

S7.  To  Gbobob  Scholctibld.  of  Manoliester,  in  the  coontj  of  Lan- 
culor,  ogont,  "  certain  improvements  in  raachinerjr  or  appatutus  to  be 
enpbyed  for  litliograpliio  printing." — ISlli  Noveiolwr  1846. 

!8.  To  WimAM  Andebsjs.  of  Clitberoe.  in  the  county  ol"  I.anciutoT, 
wHon-Bplitnci',  '*  certnin  improTements  in  maflhinery  or  apporalni  for 
(oepujng  and  spinning  uottpn  and  othor  fibrous  Bubstancee." — t9lh  Xo- 
Ttintwr  1846. 

29.  To  Edward  Alfbed  Cowi'Ba,  of  Smetliwick,  near  Binninghan, 
tn^aetir,  "  improTcmtnta  in  the  mnnufuctuTe  of  railoay-cliairs." — 3JtIi 
Norombet  1S16. 

SO.  To  WiittAJC  W4TSOS  Pattinbos,  of  Felling,  near  Oateshead,  ia 
Iba  county  of  Durbam,  manufacturing  dienuBt,  "  improTements  in  the 
masuractuie  of  cblorine."— 2/ith  November  1646. 

31.  To  CnAHLRs  Bektrim,  of  GateiiliGaJ,  in  tlie  county  of  Durbam, 
Bo).,  "  improvementa  in  the  munufacturo  of  artificial  fuel,  and  in  the 
*{ipli*alion  of  the  letidual  products  to  naeful  pnrposea." — -25tli  Novem- 
ber IS-tU. 

32.  To  TnoitAS  Wooo  Gn*v,  of  Worltworth  Terrace,  Oomnien;ial 
Road,  In  the  coanty  of  MidJldses,  "  improi-onients  in  porta,  and  in  ap- 
pualiu  for  opening  and  closing  ports  of  sliips  or  TegseU,  iilso  applioablc 
In  opening  and  closing  windowe,  and  othct  inatrunicntt  having  like  move' 
menu."— 27tli  November  1S40, 

S3.  To  Alfubd  Vwctot  Newton,  of  the  Ofllce  for  Patents,  60  Chan- 
cer!' Lane,  in  the  ponnty  of  Middlcanx,  mcelinnical  draiigbtsman,  being 
n  communication  from  abroad,  *'  certain  iinprovementE  to  be  applied  to 
the  grinding  of  grain  ond  other  Biibainnccs." — 28th  November  1S46. 

31.  To  J  AM  [3  Caleb  AsoEaEON,  of  BattcvanC  Ca^LIe,  in  the  county 
of  Cork,  Ireland,  Baronet,  "  certain  improvements  in  obtaining  motlvo 
powvr,  and  in  ap;'lying  it  to  propel  carriages  and  veeacU,  and  to  tho 
driving  of  machinery." — -0th  Deoemlwr  1S4G. 

35.  To  \^'ii;i,iAM  Mathbtis  Hall,  of  Leeds,  in  the  county  of  York, 
branfounder,  "  a  «crtala  improvement,  or  ccrtiiin  tinprovcmunts  in  and 
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a^lixble  to  tlUiag  gM-pnldaBt^  hmpt,  histna,  uid  nbuidcUen."- 
tth  Doocmbn'  ISitl. 

36.  To  Wiu-UM  JosNBW, of  OnarMor  Wbuf,  MUlbwik,  inthedtfl 
of   W«tt8uiiiit«r,  gentltoiLUi.  "  aert&iii  ImprorenMnta  in  muhincf; 

hnwing  or  LiAiag  and  loirering  wei{^  or  pon^ioiu  boditw." — 1(HU  I 
Btel84C. 

37.  To  Wit-LtiN  JoiixtKt.  of  aroiT«aior  Wlmrf,  ainibanlc,  in  tlieci^ 
.ef  WMtmiiMter,  genlkman.  "  oortain  improremMita  in  prapdlii^ 

I  on  nllnrajt."— 14th  Deeember  1846. 
33.  To  WiLtuM  Baton,  uf  Kowiiigtaa,uitbooount]rof  Surtwj,  engj. 
oeer,  "  certuiii  iin|iroteme&ta  fn  obtaining  motire  pu<r«r."— litli  IXt- 
roembor  1640. 

38.  To  Jo8K  Mkrcbs,  of  OnkciMhan,  Id  tlie  county  of  Lsnciittw,^ 
t,  and  Jomc  Greekwdob,  of  Church,  in  the  mne  eountf ,  < 

'  Mrtain  impToremenU  in  dj^ng  and  printing  torkcy-red  and 
colour*." — ]flth  Dwwmbei  1846. 

to.  To  Babtuoloxeit  itcsion-isi,  of  Bow.Stw*!,  Cuyent-Gardon,  i 

he  oounty  of  Midd)ec«x,  Slajor  in  thi!  Into  I'oUfIi  Army,  "  certain  i 
provemcnl*  ia  tha  apparatiu  for  and  proo«w  of  prbting." — 17th 
faerl&16. 

41.  ToJonNTooo,  of  GloEgow,  in  the  oounty  of  Lanark,  nnd  William 
JoiunrO!!,  of  Binaingliam,  in  the  county  of  Warwick,  engineer,  "  Im- 
prowmatts  In  arrongiug  the  loSla  on  oertain  parta  of  railwayi." — 31a 
Deccubct  1846. 
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Oh  the  ifanner  in  ivhiek  Sound  it  Produced  and  Disused.  By 
Sii-  G.  S.  MArKEKZiH.  Bart..  F.R.S. ;  Vice-President  of  the 
Royal  Sofifty  of  KiHnbiirgli,  &c-  Com  mini  icnU-d  by  the 
Aut]tw." 

The  svidtiCR  of  a«ouittic!i  lias  become  so  unfamilinr,  that, 
while  the  conifoi-ta  of  the  eye,  the  skin,  tite  palate,  and  the 
lungs  are  in  the  thonijhtB  of  every  one.  those  of  the  very  im- 
poi'taiit  s*-nBe  of  hearing,  in  reference  to  music  and  upeaking, 
hare  been  thought  scarcely  worthy  of  consideration.  So 
annHod  have  wc  been  to  consider  thu  gihilosopby  of  noiind,— 
>o  little*  has  our  attention  been  turned  to  it  of  lato,  cither  in 
theory  or  in  practice, — so  long  hare  arehitectn  been  permit- 
ted to  err  in  the  conwtruetion  of  rooms  intended  for  the  diH- 
tintt  wnvcyiiiicc  of  sound  to  the  oai-,  that  we  may  be  justified 
in  reverting  to  Uie  very  rudiments  of  the  science,  and  in  con- 
sidering, fii-Mt,  whether  we  Wnow  all  that  can  be  known  in  i-e- 
gmrd  to  tlie  source  from  whence  sound  proceeds,  or  to  the 
eaofle  which  draws  it  from  tliat  source. 

It  is  n  groundless  expectation,  that,  man  i*  ever  to  arrive, 
in  the  progress  of  discovery,  at  the  nature  or  essence  of  any 
thing.  Witit  renpoet  to  oouod,  therefore,  we  can  do  no  more 
than  attend  to  the  immediate  causes  of  its  production,  and 
to  the  laws  which  it  obeys  in  its  difhision.  In  the  prcKont 
iitate  of  our  knowledge  concerning  it.  phlloKOphers  appear  to 
have  entirely  rejected  the  idea  of  its  being  a  thing  gui  genu- 
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r<>.  a*  iiiri)'  Ax^  htnit,  nnd  to  have  become  content  with  dii 
imtlier  un»ati»fiu.^U>ry  caucluftinn  of  it«  being  mere  mi.s:huDic^ 
•ctioo.  Socfa  a  conclusion,  however.  do«8  not  afford  snfi- 
eient  pronnd  for  altogether  ceasing  to  observe  the  phenome- 
na of  BoumI,  ftml  the  circumHtjincett  nnder  whidi  it  it  madr 
known  to  tlie  aense  of  hpuring. 

Motion  is  necessary  to  tbo  crolvement  of  everytliing  that 
we  know  by  nicnnK  of  oui*  aenBea ;  and  there  docH  not  appem 
to  bo  any  w«lUdelined  ineaDing  attached  to  the  word  mecha- 
nical, in  rcfownce  to  action.  Motion  being  common  to  all 
action,  lutd  being  regulated  by  force,  I  apiiroliend  that  tlx 
only  diRtinctioa  meant,  in  uiung  auch  t«rms  im  mvchanical 
and  chemiral,  refers  to  the  cau^icit  and  reaalt«  of  action,  ami 
not  to  any  variation  in  action  ittclf.  That  tiound  is  a  result 
of  mcclinnica)  action  (using  that  term  in  conti-adiatinctioo  to 
,  action  of  any  other  timi),  doe«  not  e§tablisb  that  it  is  ttt>i 
■omething  mi  generis.  Sound  is  the  result  of  clicmicnl  anil 
electrical  action  also  ;  and  Sir  John  Htrscbel's  definition,  on 
that  account,  is  confined  to  the  rcxult  of  every  kind  of  action. 
TIE,,  motion.  "  Sound,"  he  saya,  "  contitti  in  a  motion  of 
the  air  itaelf.  communicated  along  it  by  virtue  of  ita  clAst*- 
city."  The  exprttssioii,  "  a  motion,"  is  indi-ftntte,  and  giveB 
no  intbrroation.  It  is-,  besides,  incorrect,  inasmuch  as  it  in- 
fers the  existence  of  more  kinds  of  motion  than  one,  while 
more  than  one  does  not  exist.  Motion  is  one  ;  and  its  being 
capable  of  variation  in  dii-ection,  circumscription,  and  velo- 
city, eiTects  no  change.  The  fact,  however,  tliat  sound  is 
produced  by  a  motion  of  the  air  itself,  communicated  along 
it  by  virtue  of  its  elasticity,  is  true.  But  sound,  did  it  eoH- 
tigt  of  a  mution  of  the  air  itself,  could  not  consigt  of  any- 
thing else.  NevertJieless,  we  may  as  truly  aay,  that  sound 
consists  of  a  motion  in  hydrogen,  in  oxygen,  in  nitrogen,  or 
in  any  gaseous  matter,  seeing  that  from  all  of  them  aoand 
proceeds  under  similar  oirt-um stances,  with  more  or  less  in 
tensity,  according  to  their  density," 


•  Dr  Gsorge  Wilton  recently  exliibiiad  to  tlie  Royal  Scoltlili  Society   of 
Art*,  the  Monda  |irodiic«d  by  the  piiMHg*  qT  tho  eUctnc  fipiLrk  Ihmugh  toHoiu 
>;  kml  the  rrauli  coiilipmcd  what  i  talalnd  Kbore,  Uid  in  tubwquool  iMrU 
rtllb  papor.     Crbruurj  Si.  1847, 
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TIi^  analogy  between  sound  and  light  has  been  noted  aa 
tviu  ark  able,  though  it  has  not  boen  cniTied  out  far  enough  ; 
and  as  lif^ht  luid  heftt  have  been  admitted  to  be  distUict  en- 
tiLieU)  aiid  U4  thcv  have  dintinct  orji^uns  of  Mcnite  (the  eye  and 
the  skin),  »{i))oi»t<.?d  to  them  ;  itnd  n»  taste  and  Bmell  are 
also  made  known  by  motion,  and  contact  with  di»itinct  or- 
gaiut ;  and  as  there  is  a  distinct  organ  appi-opriated  to  sound, 
there  is  no  reason  why  it  should  not  be  regaiileJ  also  as  a 
distinct  entity,  though,  hitlierto,  our  observation  has  not 
been  extended  far  i-nough  to  shew  that  it  is  nucli.  If  we 
Ottce  b^gtu  to  discover  anything  hitherto  unobBerved  refpect- 
ing  sound,  its  pliilosophy  may  again  advance,  and  became  aa 
interesting,  perhaps,  oa  that  of  electricity,  hi'iit,  or  light. 

That  the  mere  action  of  one  solid  body  on  another  solid 
body  is  not  essential  to  the  prodactaon  of  sound,  ia  proved 
by  the  mechanical  action  or  motion  of  a  bell  in  vacuo  pro- 
dticing  none.  The  same  fact  proves  the  necessity  for  the 
presence  of  air ;  and  this  renders  tlie  affirmation  safe,  that, 
while  it  is  undeniable  the  action  of  ntrioue  substunccs  in 
certaii)  circumstances  on  each  other,  produces  the  condilion 
oecesBary  for  the  evolvement  of  sound,  neitlier  the  action, 
nor  the  condition  it  briiiji^s  about  (motion),  can  be  con»dered 
as  tho  thing  evolved  under  that  condition. 

The  ordinarj'  inference  ft-om  tlie  experiment  of  the  bell 
vn  vacuo,  ia,  tltat  air  is  necessary  for  the  conduction  of  sound. 
My  infei-ence  seems  equally  just,  that  it  is  as  necessary  for 
the  production  of  .inunil.  The  first  inference  implies,  that 
sound  is  actually  produced  by  the  bell  in  vacuo,  but  is  not 
beard  on  account  of  a  conductor  being  absent.  If  aii'  in  re- 
ganled  as  a  conductor  merely,  the  experiment  proves  some- 
what morej  viz.,  that  none  of  the  materials  of  which  the  ap- 
paratus for  performing  the  experiment  consists,  can  be  con- 
sidered an  i/eneraforf  of  sound,  If  they  were,  sound  should 
be  heard,  if  produced  by  the  bell.  As  no  sound  is  hoard,  the 
infcnmce  is  irresistible,  that  air  !s  necessary  to  its  prot/uc- 
thH.  This,  then,  is  one  fact  decidedly  established  by  the  ex- 
periment. 

The  question  that  now  occurs  is.  How  comes  air  to  be  ne- 
ceasary  to  the  production  of  sound !     And  this  involves  an- 
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other.  What  ia  the  source  from  whicli  il  is  evolved  I 
questions  are  now  put  un  Ihe  «flsuu)|itioii,  that  inotioa<1 
not  be  identical  with  sound,  as  Buppused  lit  Sir  J.  Hfincliel'i 
dvfinilioii,  Uidugli  motion  be  necesMtrjr  to  tht?  cvolvoment  of 
sound,  Sound,  therefore,  I  con«der  as  &  thing  »ai  i/etuTUi 
M  light,  beat,  and  electricity.* 

I  coD&ider  faitber,  that  it  is  contaiited  afnindanli^  in 
tpheric  air,  and  more  or  less,  in  proportion  to  density,  in  or 
form  or  gateous  matter;  and 'this,  perhaps,  ezelusively. 
can  scarcely  bo  objecte<i,  that  ^hcoub  matter  cannot  containj 
or  be  combined  with  anything,  but  what  is  proper  to  it 
own  oonntitution,  or,  mure  properly  speakinj;  p«rbsps,  to  it 
propnr  nature;  for  we  know,  that  it  owes  its  condition  to" 
heat ;   and  tiiat  ooniiiiun   air,   when  suddenly  compretucil 
gives  it  out  so  abundantly  as  to  set  fire  to  oomhuHtlhle  bodiel 
When  the  electric  spark  passes  from  a  body  in  which  it 
concealed,  tJiruugh   the  air  towards  another  body,  light 
given  out.     We  are  not,  indeed,  iu  a  condition  to  say  whic 
pves  out  the  light,  the  electric  fluid  or  the  air.    Ught.  hov 
(!vcr, evidently  exists  in  the  one  or  the  uthi-r,  or  in  both.    1^6 
doubt,  in  an  exhautiled  receiver  we  seo  light  emanating  from 
Uie  electric  fluid  dispersed  thruugh  the  vacuum :  but  the  in 
tensity  is  very  far  below  that  nf  the  i'i)ai'k  passing  throuf 
tlie  air.     From  this  we  may,  at  least,  infer,  tliat  the  air  il 
neoesftary  to  the  brilliancy  of  the  spark.     Dxperiueots  hav 
been  maJe  to  shew,  tlmt  diflcrent  gases  have  diilerent  power 
of  conduction  in  reference  to  sound.     The  results,  however, 
iu  respect  to  my  views,  shew  that  diflerent  gases  contain  dil 
ferent  quantities  of  sound.     Other  questions  now  auggea 
themselves. 


*  TliBra  is  sdmstlinas  •  wpjic  of  |>r«ialau  in  ibe  moili!  of  exprmalon  mA 
OM  of  by  Mme  <vtitvrs  mi  taund,  whtrb  ocolriUula^  to  llie  Jtni<ultj  of  the  till 
jtcl.  For  iniliiicit,  at  tlia  out«i>t  of  (lia  arlklc.  Acountiot.  iu  Uie  Ency<:lo[H«illl 
Brllannlc*,  it  in  MiJ,  "  The  r«|ioH  vf  a  cihnn,fn.  for  exiiMtple,  priKtut'e^  a  coD 
enulOQ  whlcb  ibnkiiii  tlio  ground  under,  and  to  a  grnat  dliUnw  arouiid  II." 
U  •vidiiiil,  lliut,  in  tliia  nU".  Ill"  •^itunn  uf  tlin  uuncuuttin  i*  uot,  {iniiMirly  tjM>K 
Ingi  tha  rinrn,  but  iho/irM  cHviipiI  by  (bo  Binldsn  Ubendan  at  bighlj  oxpta- 
■It*  •ubilaneM  fnam  coniinetii<inl  in  liw  gunpovdar.  If  ■  Giiiini>n  could  bl. 
(irvd  in  a  vasuimi,  na  rtport  would  bv  htuird,  but  tbi-  MimiHfan  would 
aqually  foil. 


rouU  biH 


If,  in  the  experiment  witJi  tlie  bell  I'w  vacuo,  no  sound  Le 
produced,  ur  if  it  In-  produced  but  not  conducted  bv  tlie  niJi- 
lerials  of  the  ajmratufl,  bow  ie,  it  made  known  that  sound  in 
produ<x>i1  whoM  the  air  is  admitted  into  the  rcuciver;  and 
bow  is  it  then  conduct«d  to  the  e«r  by  tliw  niiiti>HalH  of  the 
apparatus  t 

Motion  was  produced  Ijy  the  bell  in  vacuo,  ftnd  no  sound 
was  hcnrd.  The  Manic  motion  being  produced  when  tlie  aii' 
was  iidmitted,  sound  was  heiii-i} :  thi^t-efore.  Home  effect  must 
have  been  caused  in  the  air,  and  some  motion  produced,  in- 
dependent of  that  caused  by  the  impulse  given  to  the  hell. 
That  thin  wan  the  eaae,  and  how  the  sound  was  produced,  I 
will  endeavour  presently  to  shew.  In  this,  that  motion  wtiB 
given  to  the  air  in  the  receiver;  that  the  air  communicated 
motion  to  the  receiver  ;  that  the  receiver  imparted  it  to  the 
air  without ;  the  air  without  to  the  drum  of  the  ear ;  and  the 
drum  to  that  portion  of  tlie  air  within  it,  and  next  to  the 
sensorium — all  agree. 

Instead  of  waving  that  sound  consisfx  of  motion  given  to  the 
air,  1  am  induced  by  many  observations  to  believe  the  cause 
of  noiind  being  evolved  to  be,  in  all  casi'*,  /Ac  rushing  of  air 
into  a  vacHum,  the  effect  beinga  peculiar  movement  bv  which 
Round  is  evolved  and  conveyed.  This  new  rMuU  of  observa- 
tion I  will  now  proceed  to  iltusti'ate. 

That  the  motionof  the  air  rushing  intoa  vacuum,  and  whicli 
it  does  with  very  great  velocity,  does  produce  sound,  is  illus- 
trated by  the  extension  of  an  experiment  usually  made  to  ex- 
hibit the  pressure  of  the  atmosphere.  A  hollow  vessel,  hav* 
iDg  its  mouth  covered  by  a  piece  of  bladder  stretched  over  it, 
W  M  to  have  the  tautening  air-tigbt.  is  applied  to  an  air- 
pump  or  exhaust  ing-Myringe.  As  soon  as  a  portion  of  air  ia 
abstrnctod  froru  the  vci^tsel.  the  bladder  is  seen  to  be  pressed 
into  it.  Let  the  exlmustion  be  carried  on  as  far  as  may  be, 
without  the  bladder  tearing.  If  an  opening  bo  now  made 
with  the  point  of  ii  knife,  the  air  rushes  in,  and  a  loud  report 
ia  heard.  The  sound  produced  in  tJiis  case  is  evidently  tho 
result  of  the  tilling  up  of  a  vacuum.  It  remains  to  be  shewn 
thai,  in  alt  cnscs  when  Bound  is  evolved,  the  formation  of  a 
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VMaum,  more  or  lean  perfect  aiul  exlenaivc,  precedes  ;  andi 
its  being  ftll(-<l,  uii]  Uie  prodtielion  uf  sound,  are  ftiiiiuItanouui.| 
We  tiliall  begin  with  loud  sounds. 

W'lien  the  electric  fluid  pAS^ea  from  one  cloud  to  anotber.l 
or  dcfwends  to  the  earUi,  the  velocity  is  so  great,  that  the  ut 
IK  midilenly  displiu'ed  iilong  its  whole  {>asHsg(?,  and  a  very 
perftict  vacuum  in  formed.  It  is  as  suddenly  supplied,  anda 
loud  craMi  is  instantly  heard,  In  this  case,  no  hard  bodiM 
arc  interposed  ;  it  is  merely  ti>e  quick  passage  of  the  liglit 
ning  that  oatises  the  vacnum- 

-    When  a  cannon  is  lired.  the  sudden  and  forcible  expanstoi 
of  the  gases  which  nit;  Hct  looiio,  causes  them  to  rush  out  i 
the  tube,  driving  tho  wMlding,  shot,  and  airwhich  previouBlj 
occupied  it  lifcfiii-ft  Ihem,  and  tlius  a  vatruum  is  pi-oduced 
the  tube.    The  instant  the  «x|K-lling  force  c«a«es  to  act,  th 
air  violently  enters  to  supply  the  vacuum,  and  the  Bound 
culiitr  to  tlie  firing  of  cannon  is  produced. 

\Vhen  a  string  or  wire  is  stretched  between  two  point 
and  made  to  vibrate  by  its  elasticity,  each  passage  of  the' 
string  from  one  position  to  another  (which  is  rapid  in  proper* 
tion  to  the  teniiion),  displnccH  the  air  in  the  same  manner  as 
the  electric  wjiark,  and  on  (he  tilling  np  of  the  vacuum  sound 
is  produced.  If  there  were  only  a  single  movement^  there  i 
would  be  but  a  single  sound ;  but  when  vibrationn  Huccee^H 
each  other  at  intervals  so  short  as  to  be  inappreciable  to  our 
sense,  the  formation  of  vacus,  and  their  tilliug  up,  are  so  quic 
in  succession,  as  to  render  tt  impossible  for  the  ear  to 
ceive  any  interruption,  and  the  Hound  is  accordingly  hear 
while  the  vibrations  proceed,  ns  prolongedor  musical. 

The  case  is  the  same  in  regard  to  sound  produced  by  frtc 
tion  on  strings,  an  extremely  rapid  ftuccossion  and  filling  of 
vacua  being  the  result  of  the  wry  minute  starts  of  the  bo«^ 
in  orercoming  tlie  friction.  ^| 

When  a  blow  ii*  struck  with  any  substance  on  another,  with 
a  hammer,  for  tnstmice,  on  a  resisting  body,  the  force  of  tha^ 
blow,  at  the   moment  of  contact,  displaces  the  air  at  an^H 
around  the  sjiot.  so  as  to  form  a  vacuum,  and  thv  ntr  instantlj^J 
recorering  iln  pOHition,  sound  in  evolved.  ^M 
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In  wrltinj;,  a  •crntcbinj;  noise  is  boArd.  Thix  is  ciwsed  by 
the  pon  jvrkiiig  over  the  mf^cMitios  of  tlio  paper,  eikiiiiing 
minuto  thcim,  ivbich  src  instiiii  tun  county  tillud. 

With  reaped  to  »oft  or  luw  HoiitidM,  it  must  be  preniiised, 
Uuit  a  body  in  motion,  n-ben  Hun-uuridi.'d  by  A  iiii-diiini,  neces- 
sarily displaces  tbat  medium  in  its  progress.  A  vacuum  is 
the  effect  of  tbe  reraoval  of  tbe  body  from  its  position  ;  and 
in  proportion  to  tJie  velocity  of  removal,  ia  tho  extent  of  the 
Toeuum  left  at  any  one  inst^int  of  time.  Suuud  \ii  moditied 
in  itti  mnuunt  by  tbe  bulk  of  air  displaeud,  and  in  tts  ititenitity 
l>jr  the  velocity  of  diiiplacement.  Tlie  latter  in  regulated  by 
elasticity  ;  for  example,  tbe  sound  produced  by  tbe  collision 
of  two  elastic  bodies  is  far  more  intense  tban  when  two  in- 
eliistio  bodies  come  into  contact,  the  velocity  being  tbe  same 
in  both  cases.  The  faster  we  write,  the  louder  is  tbe  sound 
of  scratcbiug ;  and  we  may  write  so  slow  tbat  no  sound  is 
produced  tbat  is  sensible  to  the  ear.  Writing  with  tbe  com- 
)>ArativeIy  inelastic  pencil,  the  sound  i»  far  Icx.-t  intense  Ibnii 
vrbon  the  elastic  pt-n  itt  uMod. 

WhoD  a  body  '\»  moved  slowly  tliruugti  the  air,  or  wbc 
Uie  ft'ir  slowly  passes  a  body  at  rest,  wbiji  a  tbe  same  thing 
in  effvet,  tl)e  viicnnm  at  any  one  instant  is  small,  and  is  every 
instant  supplied,  and  no  sensible  iiound  follova.  When  a 
body  is  moved  rapidly,  a  more  extensive  vacuum  is  every  in- 
stant formed,  the  collapse  is  proportional,  and  sound  is  beard. 

A  fartlier  illustration  may  be  found  in  the  case  of  tbe 
CAnnon.  \\nien  a  full  charge  is  put  into  a  cannon,  tbe  spaces 
tor  the  gascK  set  free  by  the  tiring  of  tbe  powder  is  confined, 
and  the  rostHtnnce  to  tlieir  expansion  causes  a  bigb  degree 
of  velocity  in  their  emcitpe ;  and  tbe  rush  of  lur  to  supply 
their  place  in  tbe  tube,  eauses  the  sound  precisely  in  the 
same  manner  as  it  does  in  tbe  case  of  the  exhausted  vessel 
covered  by  bladder,  already  mentioned.  When  a  charge 
sufficient  only  for  a  mufikot  is  put  into  a  cannon,  there  is 
more  room  for  expansion,  in  proportion  to  the  (puintity  of 
gas  evolved  ;  the  velocity  of  expulsion  in  less,  and  tbe  «ound 
produced  is  feeble.  But  if  the  sniall  charge  be  put  into  a 
musket,  there  is  a  proportional  resistance  to  the  expansive 
force,  and  a  proportional  inlonsity  of  sound.     The  amount, 


Sir  0.  S.  Mnckoiixie,  B«n.,  mi  Me 

or  miuM.  of  Moqiiil  vvolvod  iii  the  vnsv  of  circuiusvribcd  por- 
tionii  of  lur,  dc|iviicl8,  calrru  pariimt,  on  the  L'xtvnt  ol  llio 
TRvaum  piTidiicet).  This  is  illuKtrntoti  t>y  iXw-  \i\\iv*  in  lui  or* 
gan.  Thv  vclui-it,v  of  tlie  air  pMKing  int4j  Hw  |>i{>rii,  \n  i-cgU' 
Ifttcd  by  Uiv  weight  on  the  bollowii,  «o  that  the  [>r«S!(urc  ii> 
onifomi  for  oil  thv  ))i[i«!(.  fmui  the  ninalWl  to  thi;  Inrgeat 
Tb«  Mze  of  Uie  pipe,  and  n-idth  of  tbe  lun^id.  i-cgulatea  Mm 
amtmnt  of  sound,  on  wbtrh  gnivit;  or  acutenoM  depend,  th 
pressure  being  xhn  Haine-  Tlie  iatentity  depends  un  the  foTcfl  ! 
or  velocity  of  the  itir  passing  intu  the  pipe.  Tho  pressure  j 
being  unitoiin,  nlien  it  is  exerted  un  a  Inrge  pi|K',  brings  out 
a  grave  sound ;  tind  when  exerted  nn  ti  siniill  pipi>^>on 
ihiiaII  quantity  of  iiii- — the  Miund  i»  mot-e  intenrtc  or  ueale.' 
In  the  former  case,  the  inaaa  of  sound  being  greater,  tlioughJ 
not  HO  intense,  is  heard  at  a  greater  distance  than  tliat  pro- 
ducod  by  the  siiiuU  pipes.  Accordingly,  we  hear  the  sound 
produced  by  the  pedal  pipes  of  an  organ,  <m  the  outside  of  a 
ehurch,  when  we  can  diatinguish  no  oUier.  Supposing  that 
all  the  pipes  were  of  the  same  size,  and  each  to  have  ita  own 
bellow«,  if  the  force  applied  to  expel  the  air  from  all  the  bel- 
lows were  as  1,  tlie  same  aound  would  be  produced  from  all 
the  pipes.  But  suppose  the  force  to  be  augmented  as  2,  3. 
and  ao  on,  in  diffeivnt  belloiva,  the  sound  woubl  be  pro]>or- 
tionally  intense  or  acute-  This  is  illustrated  also  by  tlie 
flute,  in  which  a  note  may  be  raised  nn  oetikve  by  blowing 
harder  on  the  name  hole.  The  greater  tJie  force  exerted  nn 
the  ciainG  amount  of  air,  tlie  more  perfect  ia  the  vacuum,  and 
more  intense  or  acute  the  sound.  The  force  being  dimi- 
nished, the  sound  bccuines  more  grave.  The  sound  from  or- 
gan pipes  is  brought  out  by  forcing  nir  over  a  serrated  sur- 
face (the  languid),  which,  by  causing  a  ntunhcr  of  rapid  move- 
ments, proiluceH  the  necessary  condition.  In  reed  pipes,  the 
vibration  of  a  piece  of  metal  produce  the  vacua.  The  aoutid 
of  wooden  pipes  in  the  organ  is  modified  by  what  is  ealled 
stopping  tlient — closing  them  with  a  plug.  By  tliitt  means, 
a  short  pipe  is  made  to  give  the  same  note  as  a  long  one,  but 
softer.  The  cjiusc  of  this  if,  that  the  atr  forced  into  the  pipe 
is  resisteil  and  sent  back,  thus  diminishing  the  rat«  of  mo- 
tion in  the  air,  and  the  amount  and  intensitv  of  tlie  sound. 
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^  Thv  fiicta  which  i  have  tttsted  appeiar  sufficient  to  «stfl- 
blinh  tJiftt,  ia  all  eaHoa  in  which  houik)  \h  pruducixl,  ti  vucutmi 
Ih  fonafiil  and  Blled.  'I'liiH,  indeed,  must  be  the  c-iiHv  where- 
tieT  tliere  is  motioD.  auch  aa  to  cauBc  a  body  to  cluviigc  its 
place,  when  surrounded  by  an  elastic  medium,  such  as  air. 
I,  thereforei  now  proceed  to  consider  in  what  manner  sound 
IA  made  known  to  ua, 

Sound  is  said  to  tmvel  through  the  air  at  the  rat*  of  1130 
frat  in  a  second  of  time ;  and  (hat  whether  it  goes  to  a  long 
nr  \\  short  distftuee.  Now,  if,  according  to  Sir  John  Her- 
iclud,  E«ound  eungitli!  of  Motion,  we  may  utiy  that,  a  motion 
(but  not  auch  a  motion  as  one  that  canses  advance),  being 
Guntinunicated  to  the  air,  it  is  somehow  propagated  at  the 
above  rate.  But  rate  is  proportional  to  mjjiil/ie.  and  that  of 
»oand  does  not  vary  with  that  of  impulse.  Henco  it  may  be 
argitcd  that  wound,  when  evolved,  moves  independently,  as 
light  iloes:  and  thitt,  tliongh  it  baa  motion,  it  In  Honirtliing 
different  from  motion.  A  mass  of  air  sc-t  in  motion  pnidticca 
DO  sound  until  it  meets  reaistance ;  not  the  most  violent  hur- 
riciuiv.  The  motion  of  the  air  which  produces  sound,  is  nut 
the  advancing  motion  of  a  mass,  hut  one  given  to  it,  and  as- 
sumed, and  somehow  propagated,  as  Sir  J.  Herachel  says,  in 
virtue  of  ita  elasticity.  This  peculiar  motion  among  its  parte, 
is  evidently  the  cause  of  the  conveyance  or  propagation  of 
sound.  But  huw  its  ynfi-  should  be  uniform,  while  the  im- 
pulscH  that  cause  it  vary,  is  a  quei<tion  unanswered  hitherto; 
unless  !4oimd  be  analogous  to  light  in  respect  to  its  uniform 
rate,  being  something  xtd  yenerig.  It  is  unncceasary  to  re- 
Iie!at  how  tlio  motion  exciting  the  perception  of  Hound,  is  pro- 
(lagated  througli  the  nil-.  &»  it  is  dc»eribed  in  every  treatise 
on  iicoustici*.  Th>!  rate  of  ordinary  motion  through  vai-iou» 
substances,  has  not  yet  been  ascertained  ;  but.  probably,  it 
dt^pends  on  degrees  of  density  and  elasticity,  both  in  the  body 
giving  and  in  that  receiving  impulse.  Whatever  be  the  im- 
pulse or  degi'ce  of  force  producing  the  peculiar  motion  by 
which  sound  i»  made  known,  the  rale  thiough  the  air,  as  be- 
Iwv  noticed,  is  uniform ;  for  Kound,  whether  loud  or  aolt, 
jugh  it  docs  not  go  to  ii  uniform  distance,  (ravels  at  a  uni- 
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form  rmt«.  It  will  be  iotereatioR  to  uacLTtain  whether  mo- 
tion communicatod  to  nolids  follows  »  sitnihtr  law  in  passiDg 
thrnuKh  them,  The  wxpiTiuifUlH  uf  Biot  havo  bM-n  xupfWDcd 
oQiiclusivo  ill  iT^rnrd  1o  th«  rato  of  tho  pMBURc  of  sound 
thnHigh  tho  Hub»t4iDc«  of  csMt-iron  pijxM,  ia  comiiimson  witli 
thu  rati)  of  tnuutnitiHion  through  th«  iiit«rnal  column  of  air; 
Hund  appearing  to  have  jiaased  through  the  iron  ten  timca 
tiMmr  than  tlirough  the  induded  air.  Now,  in  thin  cmo,  the 
condition  of  the  included  column,  l>eiiig  very  diflTcrt-nt  from 
tltitt  of  tlie  unconfined  air,  we  have  no  comparison  botwfvn 
tlio  rato  in  tlie  iron  and  the  rate  in  the  open  air,  which  it  ia 
of  iiuportance  to  know.  It  ia  obvioua,  (hat  considerable  ra- 
tordatioi)  of  tho  motion  of  the  air  in  a  tube  19  efTccte^l  bjr  the 
trough  surface  of  the  iron,  and  by  the  numerous  reflections 
it  ha»  to  undergo.  It  might  have  been  pre«licu-d  tbut,  owing 
to  such  causes,  some  difference  would  be  observed.  lu  re- 
spect to  thi?  nito  of  motion  throogh  solids,  ivbelher  it  be  uni- 
form under  ovcrv  degree  of  impulse,  as  in  the  case  of  Bound 
and  air,  wo  must  leave  it  for  future  investigation,  when  pro- 
per opportunities  present  tbcm8«lv«8. 

If  we  ottsunie  that  sound  is  something,  »uig«iwri»,  brought 
out  of  air  by  a  peculiar  motion  imparted  to  it  by  tlie  eolliipi 
of  air  filling  a  vacuum,  though  we  cannot  defme  what  the  po 
culiority  is,  we  may  trace  the  manner  in  which  it  afTeetB  tli< 
sennorium.  Let  us  then  conceive  the  peculiar  motion  re 
ferred  to.  to  be  propugati.-d  in  the  manner  of  pulses  or  undu- 
lations, aa  described  by  writers  on  acouatjcs.  Firat,  there  ia 
a  vacuum  formed,  and  the  peculiar  concussion  on  its  being 
tilled  is  given,  and  iwund  produced.  The  concusMve  motion 
is  communicated  to  the  next  portion  of  nir,  and  by  its  means 
anotiier  vticuum  is  formed  and  lilleil.  Hiid  u  i^ccond  concussion 
takes  place-  Thin  is  communicated  to  a  third  portion  of  air, 
and  HO  on  with  great  rapidity,  in  virtue  of  tlie  elasticity  o^M 
tiie  air.  till  an  toipulse  is  ffiven  to  the  tympaimm,  and  by  it 
transmitted  to  the  uir  contained  in  the  internal  ear.  The 
structure  of  the  tympanum  gives  it  power  lo  regulate  th 
fi>rce  of  eoneiistsional  impressions,  so  as  not  to  jicnuit  t 
great  force  to  be  exerted  on  the  nervoun  expansion  within. 
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'which    oomiDunicntes  to  the  scnsorium  the  sound  brought 

out  of  the  oonfini-d  portion  of  air.     How  ttiis  ih  effected  w« 

not  know,  any  more  than  hotv  Ute  internal  appiimtus,  con- 

'^nected  with  th«  other  BeQi^es,  act  in  conveying  iinfii-esstntts 

to  the  mind. 

This  theory,  derived  from  the  intervention  of  Hie  tympu- 
punt,  implies  that  what  we  hear,  is  not  the  iictual  Kouiid 
evolved  at  the  spot  where  the  first  collnpse  takes  place,  when 
^hve  are  at  a  distance  from  it,  but  only  that  which  is  prodivced 
^Brom  the  air  iu  the  internal  car.  when  it  has  received  ioipulse, 
^■Fhis  la^  is  modified  by  external  infiuence,  so  tliat  the  per- 
^Keptaons  of  distance,   hiteni^ity,  nnd   quality,    iire   conveyed. 
^■b  any  difficulty  should  appear  to  rest  on  this  part  of  tlie  sub- 
ject, it  will  be  found  equally  to  rent  on  the  common  theory. 
IWith  reference  to  the  traiisiiiissiou  of  sound  through  solids, 
do  not  suppose  there  is  any  such  thing;  but  that  motion 
ily,  or  perhaps  more  strictly  speaking,  impulse,  is  tranit- 


litted. 
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When  a  bluw  is  sUiick  on  the  end  of  n  long  mass  of 
m  at  rest,  air  is  displaced,  the  vacuum  filled,  and  sound 
irodueed  at  the  spot  where  the  blow  is  given.  The  impulse 
the  blow  is  transmitted  to  the  otlier  end,  and  there  aSecta 
tlie  air,  communicating  impulse,  and  thus  causing  sound  to 
be  produced.  In  the  case  of  bodies  of  little  density,  such  aa 
log  of  wood,  there  being  air  in  itH  cells  and  tubes,  sound  is 
reduced  as  the  impulse  advances ;  but  the  Mound  heanl  when 
Ithe  ear  is  placed  in  contact,  or  neaily  in  contact,  with  the 
furtliei'  end,  is  only  the  sound  produced  by  the  transmitted 
impulse  on  the  internal  ear,  which  requires  but  little  force  to 
effect  the  nervous  expanMion.  The  caunc  of  the  motion  of 
0  air  preserving  its  intensity  in  its  passage  through  in  tube, 
IB  simply  that  radiation  and  dispersion  are  prevented  to  a  great 
xtent ;  and  retivnlation  by  reflections  is  greutly  i-educed  by 
nnoothnesH  and  elasticity  of  tlio  interior  surface.  When  air, 
in  the  condition  of  giving  out  sound,  impinges  on  an  inelas- 
.tic  surface,  the  motion  is  not  reflected  at  all.  .iVii  organ  pipa 
,iied  witli  flannel  gives  no  sound. 
There  are  many  facts  connected  with  sound  which  remain 
be  investigated,  in  reference  to  the  mode  of  its  production, 
id  the  infiucnce  upon  it  of  tlic  forms  and  substances  of  mu- 
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Bk«l  infttruiaenta.  T1k>h(>  warn  (o  roiiKnii  tlie  notion  of 
Kind  b«ing  tioinethinf;  tuiffeneru;  but,  «l  prnAcnt,  it  would 
:  |>n>iiiature  to  distntM  them.     In  t1i«  rapan  time.  tJio  fact  of 

it»  being  iieeessan-  that  u  viuruuiu  Hlitmlil  bo  forminl  and  filled 

before  dound  k  evoWod,  iti  stAt«d  for  th«  purpose  of  inducing 

others  to  pursue  the  nubject 


On  tkt  SoU  i>/  PaU^ftine — its  Deterioration — its  PrMluetton* — 
Food  of  Ihf  OrientaU — Fertility  of  Pateat'me — Meant  oj 
Bettoration — Return  of  the  Jeiea — Pecntiar  fealures  of  tkt 
Laudteape — Itthabitattla — Mahometian  Civiliiation — Depo- 
puiatioH, 

Wo  hfid  now  tfthun  our  l«ave  of  Uie  lluly  L:viiJ,  and  bad  ciitenul 
tlio  imrrow  liniiiain  of  tlio  wiciont  Plxxnico.  Tbo  boundary  uf  tha 
two  KtatiM  waH  bnrdljr  more  itian  firo  mites  diMant  from  Tjre.  In 
piuaiiijr  t'rom  Iduniea  to  J«ruBal?iii,  axiA  ihenoe  to  the  Sea  ul'  (falilrfl 
and  the  Aoto  of  tlin  Mediterranean,  wn  liml  litrinlly  gone  tliruugh 
"  tlic  length  and  brcadlli  ul'  the  land,"  \^'e  had  «oon  the  Bites  and 
retnaina  of  the  moat  famoux  JowiiJi  oiUf»,  and  Irarunud  tbuiu  por- 
lions  of  oociniry  which  w«rii  foimorly  nio&t  froitful  and  populous.  It 
wax  a  matter  of  deep  regret  with  me.  that  cii'eunnitanccii  did  not 
allow  me  to  extend  in  j  «xcuriions  to  tlie  re^ons  beyond  tlio  Jordan, 
the  inhoiiiance  of  the  two  and  a  half  tribes — and  more  extensively 
along  tliu  xhori's  of  the  Meditan-oneaD.  Still.  1  hud  turn  ninch  of 
tlio  ancient  PnleHtine,  and  my  luur,  »o  far  »a  timt  inlcreitiiig  rt-gion 
Is  ooncomud,  hod  n<iw  torminnttvl.  ]  nvail  myself  of  the  oet^asi^n  t 
introduot!  Home  general  obHcrvaiions  upon  tho  nountry,  for  which 
have  not  hitherto  found  an  ap^ ropi'bte  plaee. 


I 


Tho  soil  of  Palestine  was  tlie  eiiibji.'ct  on  whivli,  of  all  oihors  coi' 
neoted  wiili  the  eountry,  I  found  that  my  inrormation  «a»  nio"l  dt- 
fecttve.     Tho  Matpmcnts  which  I  had  soon  wpi-e  contradictory  and 
irrcconc liable.     One  dans  of  writers  represent  tho  comitry  as  barren 
ait  well  as  desolate,  and  use  the  fact,  either  as  an  argument  again 
the  crodibility  of  tho  Biblf,  which  ascribes  to  tlus  soil  tlie  greatei 

I  fertility,  or  an  a  civur  dumonHtriition  of  tho  divine  origin  of  ihc  Bilde. 

Iwhiuh  lia^su  niHiiy  prclictions  of  tlie  ulter  ntio  tli:il  hiu  fiitlon  upon 
llie  country  irn  K-m  than  upon  Its  giiiUy  iiiliabilanu.  To  thuw  »ihi> 
HID  anitble  to  peroeive  in  the  jnuiiln^tif  book'  atiy  rlvor  proof  lliat 
tlio  soil  of  Paloslino  Iws  been  specially  deoinod  to  n  miraculous  He-: 
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rilitjTi  it  is  .iifficiilt  to  believe  that  a  rpgion  once  si>  Tauied  for  it» 
uuberoiit  l'ruitrulii»n  bIiouU  Lavtr  AiUen  into  n  dt^gree  ot'  barrenneHs 
wbicb  retufiiiii^  civilization  and  iR<luN[ry  iiiiglit  [lut  easily  rci&cdy, 
Tlio  other  cluM  or  writcn  nppvnr  ulii'^lly  coiiceniod  to  remove  or  pal- 
liate tliiii  ditEculCy  ;  aud  wlijlt?  they  dc-|)iul  tlie  oxii>ting  evidences  of 
the  ralural  fertility  ol'tho  koil  in  tonus  tlml  often  awaken  »omeauapi- 
aion  of  oxnggiMiition,  tliey  ftrc  «vcr  making  lai'ge  allowance  for  ilio  ob- 
MTtable  and  »ide-tpread  effects  of  the  piopliotlu  malediction.  Per- 
faapB  I  dosoribu  the  miEtakeii  riew^  of  ill-informed  renders  I'atht'r 
tfaan  tlio  sentiments  of  any  cjiiniderhblo  number  of  roxpcotabln 
tn*ell«rs  and  writers  wlio  biiTo  tri'ated  of  this  country.  1  bare  at 
Icni^t  rxpresEed  the  impressions  derived  from  my  rending  upon  the 
subject,  and  which  1  caixied  with  iiu-  to  the  Holy  Land. 

It  is  quite  ccrlain,  I  think,  tlial  some  portions  of  taletitine,  once 
fertile,  ure  now  irrechtinmble.  Tlio  entire  destruction  of  the  wood 
tbftt  ibrinerly  covered  the  mountains,  and  tbo  utter  nt^lect  of  tbe 
torr&cof,  whieh  supjiorted  the  soil  upon  steep  dudivities,  have  given 
full  acope  to  tbe  ruins,  wbich  have  left  many  tiucta  of  bnre  rock, 
where  formerly  were  vineyards  and  curii-fields.  It  is  likely,  loo, 
tli4t  the  disnppearftnce  of  trees  from  tha  bigher  grounds,  where  tiny 
invited  uud  arre^ited  ihe  pusaiiig  duiids,  may  bave  diniiniiihi:d  tbe 
quantity  of  tain,  nnd  so  hnve  exposed  ibe  whole  counti'y,  in  a  greater 
degree,  to  ilie  eviU  of  drought,  and  doomed  some  particular  tracts 
%o  absolute  sterility.  Bedideb  these,  I  do  not  recognise  any  perma- 
nent and  invincible  causes  of  barrenness,  or  any  pbydieal  obiCacIc» 
ia  tbe  way  of  restoring  this  fine  country  to  its  pristine  fertility. 
Theno  causeii  are  not  peculiar  to  Palestine-  They  exist,  perhaps  to 
a  still  greater  extent,  in  Cti'eece  and  the  islands  of  the  Archipelago, 
and  in  the  mouiitainouii  regions  of  Asia  Minor.  The  sail  of  tbe 
wbole  country  has  ci*rlainly  deterioritte<i,  under  bad  husbandry  and 
(he  entire  neglect  uf  tlie  meani.  of  improvement.  But  a  small  degree 
of  skill  and  industry  uould  generally  be  sullicient  to  reclaim  it,  ae 
must  he  evident  to  every  traveller  who  has  observed  the  vineyards 
near  [[cbron  anil  Bclhluhum,  and  tbe  gardens  of  Nablous,  Tbe 
rogiun  about  Jerusuk-nj,  and  oast  towards  the  Dead  Sea  and  the 
Juvdan,  ia  the  worst  by  fur  which  I  saw  in  Palestiue.  The  monn- 
lin  tract  travei'std  by  the  rouJ  to  Jeriebo,  and  adjaeout  to  that  route 

tbu  nortli,  is  steiril,  and,  at  lea«t  to  a  great  extent,  was  nlviayn 
tit,  Stili,  ibc  rooky  xoll  of  tbe  *'  bill  country,"  wbich  extends  from 
beyond  Ucbrou  on  the  suutb  to  some  distance  noi'tJi  of  Jerusalem, 
And  formurly  includod  in  tlio  inheritances  of  Jiidah  and  Benjamin,  la 
very  euKceptible  of  being  restored  to  profitable  cultivation.  Tlie  in- 
uumerabl«  remains  of  terraces  and  ciiioms,  and  the  ruins  of  large 

as  and  vtltagon  tbickly  scattered  ovei'  t.liis  romantic  I'egien,  would 

rly  demoniitrale,  even  if  bolb  sucrad  and  profane  history  wore 
silent  upijii  tbe  subject,  that  it  has  been  densely  peopled  and  highly 
iultivated.    By  far  the  largest  portion  of  this  mountain  Irnct  is  sus- 
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Mpliblfi  »r  being  TuU;  restored  to  ita  aacwnt  Tortili^.  Tfa*  Talls^i 
pr<><luc«  irhrM  rvry  roll  ftl  prwcnt,  and  ibo  top*  of  tho  mountftinR, 
thouf^i  iittcrlf  naglMtodi  are  eorur^  irith  Hii*  pasturage. 

Bm  this  it  th«  prapor  region  for  (be  olivo  and  tbc  viiw.  Ancicntl; 
Uioett  bill*  wvTB  coTored  with  ordiardt  of  fruit-tneft  and  riDeyaids, 
and  Uie  world  daea  not  probably  [Hroduco  liner  grapea,  figs,  and  ^T«a^ 
thnn  aro  onniiolljr  {{atkercd  about  Hebcon  and  Uothlehcm.  ilnv  arre 
of  cliu  fllDiyaurfaoe  of  the  Hount  of  UlJFes.  carefully  t«iMleil  in 
oIJTo-trec*!,  would  yield  mnro,  through  tho  oxchanges  of  commeref. 
towanls  Ituiuan  aubatvtonoo  ttian  a  nmcU  lurgur  tract  of  the  riebeii 
Ohio  bottoms  tilled  in  com.  MoM  pereon«  know  little  of  tbe  r»nety 
and  importaneo  of  tlio  u*ea  to  wliidi  tlie  fruit  of  tbo  olivo  b  ap^ied 
in  tbe  eastern  nations,  and  Ui  some  of  the  soulbera  cooDtri««  of  Enn^. 
Large  quanlhioi  of  tho  berries  an  uied  by  tbo  inhabitant*  and  vx- 
Mvted  aa  food ;  but  tliu  jirincipal  ralue  of  (lie  olivu  Ltitutsbi  in  tbe 
delicious  oil  lliat  is  ^traeted  from  its  Iniit.  This  is  used  upon  tbe 
table,  and  in  cookery,  a*  tho  lub^titutu  for  both  butter  and  Inrd.  It 
is  uniTartally  burnod  in  biaips,  and  inste<a>t  of  caudles,  irbieb  arafl 
noarlj  unknonn  in  tho  e«ut.  It  i>  tho  prindpal  mnlcrial  employed^ 
Id  making  soap,  and  it  i»  uxQiusively  used  in  lubrieatiiig  nia<diinory 
ID  all  tho  groat  manufaoturing  exinbiisbnionHi  in  tho  wroridi  The 
produeti  of  the  vino  and  Bg  treii,  bcoidaa  ontering  lai^gdy  into  tbe 
food  of  tlia  people,  becoitis  alto  the  basis  of  trade  in  a  variety  of 
forms,  pi'wcrvod  and  niaiiufactured.  To  an  American,  whose  diet 
b  eomposeii  of  brcnd,  aniniaJ  food,  and  regcttablo^,  it  scddoni  occurs 
to  tbii^  of  fruit<^,  )iciwev«r  doUcious  and  abundant,  as  cotnmon  nrli- 
eloa  of  food  ;  ond  tho  "  nil  and  wine,"  tb«fig-trcce  and  pomegranates 
of  tlie  Promised  Land,  are  littlo  intelligible,  exoaptn  na  tcnii«  typical  h 
of  goncrnl  fruitfulnoss  and  fertility.  Tliey  were  to  the  IaTaditoa,H 
however,  at  they  still  are  to  tho  pcopli-  of  many  parts  of  the  east, 
what  our  corn  and  wheat  fields  are  to  um,  and  as  the  boias  of  oom- 
moroo,  what  our  toli^uiro,  rico,  and  cotton  fields  are.  The  "  liill 
oouutry"  of  Judali,  now  the  worst  piirt  of  Patuvtinc,  wnK  precisely 
adsjited,  in  unit  and  cliinato,  to  tho  growth  of  tiiene  important  Kaplo*, 
and  they  uixde  tt,  pc-rhapri,  tiio  most  wealthy  and  populous  part  of  tli4 
land.  Id  those  portionii  of  the  south  of  Frnuce  adapted  to  tlie  olire 
and  rine,  tlie  proprietom  of  the  soW  cannot  aflord  to  dorote  it  to  any 
other  species  of  cukiiiv;  and  I  often  heard  it  ^d  there,  that  if  the 
rineyards  and  oliveyn^s  yielded  a  fair  crop  only  onee  in  two  or 
throe  years,  it  was  still  the  most  profitable  apocios  ol'  agriculture  in 
wKieh  they  could  pngug^.  1  n  one  wealthy  and  popiduus  departme; 
not  ill  adapted  to  tlie  growth  of  wheat,  it  is  estimated  that  onti 
enough  grain  is  grown  to  supply  the  inlLBbitanta  aix  weok*  in  thai 
year.  The  rest  is  imported  from  othw  parts  of  the  country,  when' 
llioic  precious  fruits  do  not  attain  to  such  pcrfeetioii,  I  can  see  no 
SB  why  the  replanting  of  tho  fruit  trees  and  rineyardn  oi 
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\aaA  or  Jinlah  i»iglit  not  enable  U  to  support  as  [&rge  a  population 
M  it  did  in  tlie  days  of  H^rud  or  of  David. 

A  few  iKim-5  Boutii  of  JeruBak«in  tbere  ia  an  evident  improvement , 
{(I  tb«  soil,  and  iho  irnTollcir  bcj^inti  to  roalize  tlint  h«  bi  in  a  good 
land,  a  land  of  bixioksof  water,  of  fountains  and  doptlia,  tlmt  spring  out 
ol'tbo  valteyHand  hilU.  Tlip  '*  mountains  of  Eplirtiim"  are  at  dits  <Iaj> 
iho  beet  colli valed  pnrtof  PaWtinn,  a  peculiarity  to  which  tboir  eocurity 
from  tlie  Bedouiim  contribtitos,  portiapu,  inoro  than  ilie  noturnl  ad- . 
Tantagofl  of  iho  Koi).  Still  tl)a  Innil  is  fortite.  Whori^Tor  wbeat  wu  < 
sown,  in  the  ntlejA  or  on  tlit-  luftie«t  terracds,  it  lookt-d  woll,  eepeei-  i 
ally  whiw  the  utter  want  of  skilftil  tlllago,  and  the  inattention  va 
manuring,  whiah  univcriatly  prftvuil,  aru  tnkun  into  tbo  account.  The 
Ttnen,  »nd  the  fig;,  olive,  po  meg  innate,  and  other  fruit  Ireea,  had  uni- 
renally  a  thrifty  and  oren  luximnnl  appnamnce,  Thoy  eeemed  to 
tliriTo  liOHt  in  the  must  unpromising  places;  and  vberoTur  a  brook  in 
tli«  rock  would  allow  of  the  plan  tint;;  of  an  otivo  or  li^  tree,  it  appeared 
to  Mtain  ita  utmost  nixc  and  purfertion.  I  wax  often  remindod  of  the 
denblful  Scripture  phrase,  "  oil  out  of  the  flinty  rock."  I  ought  to 
■ay  th*t  tliero  is  no  vin*to  Ijind  in  this  country.  Whorover  there  it 
soil,  it  i*  pfoduotive.  Tbo  nligiit  esoeptions  to  tliia  remark  cxitt  on 
the  edge  of  the  dceert,  and  on  the  son-xhore.  I  mmn  to  say,  there 
ii  no  nntillablo  Kwamp  or  mu rid i- land— no  tracts  tou  Kot,  ur  cold,  or 
poor,  to  promitie  fair  retunu  to  the  husbandmen.  I  need  nut  odd  to 
whM  faaa  ah^eady  bei^n  miid  of  the  fertility  of  the  j^'eat  |)1ain  of  En- 
dradon,  which,  midcr  various  nnme.-i,  nnd  with  Home  intervening 
moatitain  rtdge«,  atiutches  fivin  the  Sea  of  Ualilec  to  tho  noighboor- 
hoodof  AcroandtlieMeditenunean.  Alrno^tovery  part  of  I^ectlno 
■unia  Tory  oapablo  of  producing  bn:<ud  for  iis  inbabitantT,  hut  this  is 
by  eminence  the  corn  country  of  the  Holy  Land,  aud,  under  proper 
tillftge,  trotild  RUppIy  bread  oluif  for  milhons.  FalcKtine,  iro  know, 
exported  ooni  in  the  time  of  Solumon,  when  at  tho  height  of  its: 
population,  and  alxo  in  tho  ajfp  of  Horod,  wlum,  too,  it  was  fully 
poupldd. 

I  put  this  quostion  to  nearly  every  traroUer  whom  1  met  within 
or  from  tbu  Holy  Land,  ^Vhat  is  your  opinion  of  ttm  natural  fertility 
of  tbii  country.  aiKl  'if  its  capability  to  feed  a  large  pupulution  \  and  in 
M«ry  inslnnea  tlie  reply  wnR  strongly  in  corrobonlion  of  the  senti- 
ueDt«  I  hftTe  here  advanced. 

Any  practical  attempt  to  restore  Palestine  Co  its  former  proBpcrily 
nurt  be  baxcd  on  the  mviva.!  of  agrioulturc.  There  in  now  rcially  tio 
bsaia  for  any  extension  of  commerce,  and  a  colony  of  tradet'ini.-n.  such. 
for  imtonoe,  a«  the  return  of  the  Jewa  would  gire  the  oouniry,  would 
«Bljr  iacnase  ita  poverty  and  wretchednoBs.  Tho  Duke  of  lUgusA 
advisod  M.ihommcd  A!i  to  make  Paltittine  and  Syria  an  immense 
Aeep'wulk.  und  this  should  prubably  be  the  first  object  of  a  colony 
bere.  Every  part  of  tho  oountry  in  ndnpte<l  to  tbi*  bmino>«.  and  wool 
-to  n  nnct  amount  might  be  nuaed  for  exportation,  with  little  expense 
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b«}ronJ  thMormulUpl/iDg  tlw  nee  of  sheep  aitdeliraring  their  flceoei.  ■ 
Tliii  a»*r»g*  priiw  of  «lM<op  in  now  M>v<iiLf  piaiturs.  nearly  four  dol-  I 
Ian.  though  Uu'j  live  well  Uiroi^^at  the  jr«ar  upou  (hti  nMonl 
paNbir>.«.  L-iM-^e  a<l<)ilional  traeU  might  alM  b«  tilltMl  in  nheat,  with 
no  gn!«t«r  labour  of  prvpnnliMi  tmi  impmrunMint  tliui  tb^t  o(  turn- 
iitg  tip  the  tuil  »itfa  ft  plough.  Tho  product  of  cotton  ai>d  tubaciw, 
which  are  ilrcadf  arliUM  of  export,  migbt  be  doitblod  or  trebled  K 
once. 

PlantMloiu  o(  rines,  oliro,  Rg,  and  other  fruit- bearing  trees  woald 
requiro  mora  timo,  and  rMurn  ilowor  profitx  ;  bat  the;  would  be  in- 
di*pon«ahle  to  the  oonipletu  rcnoration  of  thi'  oountry,  and  tlte  full 
development  of  itii  rosourcON,  All  tlit$  appears  easy  enou^i  and 
Amoricon  or  Engluli  fsmiiim  would  ntrtiiiiitj'  find  titoir  neeoant  in 
amigratlng  to  the  plaias  of  Eadraelun  rather  tliao  to  tlie  pmirio*  of 
Illinois,  but  for  politioal  objections.  There  is  hero  no  security  fiir 
property.  The  gorurnnivitt  i*  itwlf  the  grand  robber,  in  whose  p«v> 
oeiice  enterpriao  and  industry  cannot  exi«t.  Ko  changes  whidt  lisTe 
ocourrcxi,  ur  can  ocour,  in  tlie  •apretne  authority  will  remoro.  tbou^ 
tliey  may  slightly  iiiitigate.  thisoonntitutioDaland  incurabhi  viiv  ofsll 
Oriental  (.iovci-nnioniK.  Kuropciui  mercbantir  conld  not  live  in  tho 
MKt,  oxcupt  iinil(!r  thu  protoctiiHi  uf  thoir  own  ooiwuU,  They  n<)vor 
■Iwounie  Bubjeuu  to  llie  native  rulers.  If  some  civUiised  CbristJau 
power  wouhl  ri-wiio  Patoxtino,  by  treaty  or  force,  (roni  Mahoniedan 
rule,  and  eslnbli»h  an  onlightancd,  iiquiiable,  and  stable  gororonient, 
Uitin  might  it  bocouio  a  dctii'able  rcBidenuefordrtlixed  men  :  butonifl 
no  othci-  r-ondition  could  a  rcxidonco  there  bo  endured  by  any  but^ 
barbarians.  ooiil>.-nl  to  bi-  pfior.  and  tolerant  from  long  hnbit  of  oppr«s- 
sion  and  injuBtico.  I(  Hlls  lue  with  turprine  to  teeeonie  of  the  bent 
mea  of  England  kbourin};  Ui  promote  tlie  colonisation  of  Jews  in 
Paletttini.%  arid  tliat  under  irxitlinggovm'iiraetitt.  Thu  Jews  Bra  pre-  M 
OMiy  the  last  po'iple  on  >«rt!i  tilted  for  such  an  eiilet'prise,  as  thejr  V 
art?  a  nntian  nf  trafficki^ri,  and  know  nothing  of  agricullitrc.  licsidos, 
tho  Jews  of  Eiiropeajid  America  arueiviliied and  wealthy,  and  would 
not  n^lish  oppression  and  rohhory,  oven  in  Palosliiie.  It  would  be 
worth  while,  also,  t'ur  tlie  Clirintian  philantliropixt  to  inquire  wlietlior 
tho  prolinhljities  in  favour  of  their  conversion  tu  (JhWutianilT  would 
be  multipUed  by  thin  rc9>toratiun  to  their  fal  her  lani),  where  a  thoosaiid 
ii'cumstancee  would  [.t-rpoiually  iPiuind  them  of  ilio  glorious  day*  of 
thi^ir  nation  and  its  roligi'm.  Thus  far  the  experiment  which  is  now 
in  progress  upon  a  diniiniitivi>  noalo  aflTord^  little  cnoouragemont  to 
nioi'p  enlarged  enterprise. 

Soma  i'catum*,  uummon  to  Palratine  with  several  other  eastern 
countries,  hare  been  noticed  incidentttlly  in  the  foregoing  pagefi,  ft 
00 nxi deration  of  which  will  aid  tho  reader  in  forming  a  just  oonuept*oii 
of  tho  general  appiwrance  and  uondition  of  the  llniy  Land  One 
itriking  pecunarity  is  it*  dostitiilien  of  timber.  With  tho  slight  ex- 
cept ions  upon  Mount  Tabur  uml  the  neighbouring  killK,  and  thoiw  ao 
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btcly  lui^ntianed  botwoon  Safel  and  'iyre,  I  mw  no  native  wood  in 
Pal««line.  Ai  ft  f^nenil  remark,  thoeMtire  country  is  bare,  and  the 
ejro  uandt-rii  to  th«  boundurit^Ei  of  the  visiUlt-  liorizon.  The  tritvcllcr 
prodccuies  his  jiiurney,  day  after  day,  without  seeing  u  siiigl«  forest 
trev,  with  the  exception,  perluips,  of  &  atunted  thorn,  less  tban  a.  dozes 
of  feet  ill  liL'ight,  or  a  few  diminutive  )>riclLly  oalu,  not  more  than  two 
at  throe  inchoK  in  diitmotor, 

Anutlier  rctimrkabk  fenture,  whioh  u  universal,  and  only  less 
striking  ilian  the  former  in  its  influence  upon  the  landscape,  la  tlio 
antiro  want  ul'  encWnres  in  thi-  agricultural  districts.  TLlto  are 
□uitlier  fences,  walb,  noi'  hedges,  nor  auy  sub^tituto  for  lliotri,  tbu 
whole  country  being  our  iinmenKC  common.  The  only  exception  in 
found  in  a  few  enciosod  gardens  and  vineyards  close  to  the  wuIIk  of 
aonic  of  tho  townK.  Tho  limits  of  a  field  are  iisuaily  marked  by  a 
narrow  Wrip  of  uuptuuglied  ground — sonietioiee  by  a  luugli  pillar  or 
heap  of  stones.  The  ci'opa  are  secured  against  the  cattle  only  by  the 
»aCehfill  care  of  ihc  hi'i'd>ninn,  who  usually  keeps  them  at  a  diiitanca 
upon  tliu  hilU.  The-  peanut  is  liable  to  perpcluBil  injury  from  tins 
quarter.  Our  miileteei-s  never  hesitated  to  ride  into  a  field  of  wheat, 
and  graze  tlieir  animals  upon  the  gi-owinj;  or  ripening  harvest ;  and 
to  uiiivei'aal  is  this  abuse,  and  so  little  reepected  are  the  rights  of  pro* 
perty,  that  the  peasiints  do  not  even  remonstrate,  but  look  in  silence 
upon  the  wasting  of  the  fruit  of  their  labours. 

I  liave  Intely  had  occu.sioii  to  i^'tice  tho  rare  in.'ttanoe  of  a  solitary 
nira]  cottage,  wbieb  1  pa.ised  near  tho  fortresR  of  Tibiiiin.  I  do 
not  TOmember  another  «ucli  instance  in  Palestine,  The  people  con- 
gregate in  villages,  seated,  usually,  upon  some  point  of  the  mountain 
or  lull  Uiat  overlooks  the  valley,  where  they  porform  llieir  daily  la- 
bours. There  are  no  barns  or  other  buildings  in  the  plainii,  The 
haiTTCSt  it!  thrashed  upon  thi*  liold  by  the  treading  of  oxen  or  horses, 
and  tli«  grain  carried  home  to  the  village,  or  to  the  market.  The  ef- 
ftct  of  these  gregarious  habits  to  increase  the  ^enocal  aspect  of  de- 
•olatenoBs  and  waste  may  be  I'eadily  imagined. 

Another  pouuliarity  of  gi'eat  jniporlnnue  and  efleut  in  giving  to 
iJie  laiid«cape  its  dreary  and  special  ehai-ucter,  is  the  want  of  roads, 
of  which  there  are  none  in  Paleatino.  Travol  and  tran.sport  being 
all  performed  on  tho  baek^of  beasts  of  bui'den,  which  usually  move  in 
■injjlo  file,  the  most  important  routes  lire  only  marked  by  narrow  wind- 
ing paths,  that  receive  their  direction  from  the  ever  varying  features 
of  tlie  rogioii  over  which  they  pass.  The  soil  is  often  eo  hard  as  to 
take  Du  impression  from  the  feet  of  animals,  and  the  eye  of  an  un- 
practised traveller  there  perceives,  even  upon  a  common  thorough- 
tan,  no  evidence  that  others  have  passed  along  the  same  way.  No 
repain  ai'e  erer  modo^ — -no  labour  employed  to  remove  an  obfitacle 
M  pr«cent  a  breach.  If  a  rock  rolls  down  from  the  mountain,  or  a 
ohacm  is  made  by  a  sweeping  toi-reut,  the  next  passer  goes  ai'ound  it 
the  b«at  way  he  can,  and  hencel'orth  there  is,  to  the  needful  extent, 
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ft  oluuijie  in  tho  fmmI.  Whtwai  dw  waiit  ut  room  ta  dvTialo  from  tli« 
t»ld  pktii.  or  nny  Mb)>r  c«uw,  ti&s  for  «  long  lime  DOnflneil  ihc  trknl 
ploKRingla  trtu'k,  «  narrow  dhaiiiid  ia  iuuall}i  woro  deep  into  ikt 
eortli,  Of  vTBii  into  lh«  foioo  of  Um)  rode,  vhieb  ia  ordinariljr  p*vod, 
or  hall'  tilUd  up  wilb  rolling  utonen,  tlius  furmttig  tbo  vomt  poMible 
((>oC  hold,  ftnd  the  laou  luMtoonrortabla  BcminuiodMiou  to  tbe  fw(  of 
the  pntiunt  horse  or  donkey. 

The  grcAt  rcAd  le»ding  Mn>M  tli«  pbio  from    tlw    Dninuou* 

gktc,  at  jerawlepi,  liu  been  worn  by  trftvel  and  wubed  bjr  ratni 

tUl  it  ti&t  ilw  appeamiKo  cT  a  docp  Krtifioial  tnnch,  into  vkich  an 

L  itiGnilo  number  of  niiall  rolling  itoncH  hare  betm  gMhvrcd  from  tlie  ad> 

^  Jawiut  Auldi.  It  UhMrdly  neouanrj  lo  re  mark  I  hat,  where  tbei«ar«iio 

roads  there  can  be  no  whi^l  i*arriar;c«.     1  did  not  (*«  to  much  es  i 

wutorno'hcK'llinrrow  inllit-IIulyLand,  Sulomuiiundmmetrtherkii^ 

had  earrii^us  and  the  invaders  of  the  land  of[ei>  increased  tlie  Venvt 

of  their  approuoh  by  Hiir-cbnrioUi.     U  '\*  evident,  bow«T«r,  tliat  tlie 

luyal  ciijuipogn  must  bavv  boL-u  confined  to  u  few  iihort  routot,  and 

tlieee  ill  adapted  iiisiiununtf  uf  war  could  oever  Iiaie  left  the  plains; 

Thp  liill  country  wax  ojt  unfaconniblo  u  poioiblo  to  tlicir  moTctnoBta, 

and  it   in  HuiGcibiilly  evid^it  that  uonvenieiit  nriilicinl  rondn  nmer 

exisl'd  here  to  any  );reat  extent,  oiih  ibe  exception  of  the  lea 

I  niihiary  rotitc-^  vunkiruetcd  by  tho  Itomans  during  their  sway  over 

'  thuMi  countriva. 

Evtry  rwder  will  appreciate  the  influence  of  the  drcumBtaneet 
I  bere  enumerated  upon  the  gentrnl  appn^rance  of  Paleatine,  and  per- 
I  coive  that,  altogrthor,  tlioy  mni^t  tnodiiy  the  face  of  tho  «ntirs  r*- 
gioD  into  a  landscape,  ua  unlike  as  pus^ible  to  niiy  tiling  vro  are 
customed  tu  lo<)k  upon  In  ttiiit  webti'm  hcuiispUere.  The  outilra' 
frill  bo  still  hoightrnifd,  and  rendered  more  perfect  if  he  viill  be 
the  pnins  of  reculU'cliiii;  Huriie  uf  the  no  k-ss  striking  peuuliaritiari 
that  attui^h  to  the  living  features  of  tlie  picture:  that  the  people  w 
neither  hala,  bonnet<,  nor  stockings ;  that  both  vexes  appear  in  loose, 
Bowing  drL'S^of,  and  riMl  or  yulluw  shppers^  the  men  wear  red  cap*, 
with  or  without  luibuus;  lU«  wonitin  are  eonoealed  by  whito  veala^i 
with  the  exception  of  iho  eyes. 

It  hav  not  fallen  witliin  my  plan  to  aJIow  much  ipnco  to  obc«rv: 

tions  upon  the  character  mid  condition  of  the  prettint  inhahitontji 

FaloBtine  :  I  have,  indeed,  enjoyed  fewer  opportunities  for  heoomii 

acquainted  with  the  rural  population  than  1  could  have  wi»lieH,  am 

than  I  expected.     My  chiuf  attention  vt»  duo  to  tlio  natural  feai 

of  the  country,  and  to  the  reniuius  of  antiquity  still  tocbting  upon  its 

■urfacB^-objocCs  which,  from  their  manifold  and  profoundly  interert- 

Ling  relation  to  sacrud  hiitory,  must  ever  attract  the  principal  rc- 

I'Hrd  of  intelligent  and  Ohristian  traTollers  in  the  Holy  Latid,     Mj 

liilnees  on  tlie  torminatiin  of  ray  journey  through  tho  desert,  brief  u 

Fk  tna,  left  me  little  limo  for  loss  important  puriiuit*  and  ini^nirietk 

Tho  inhabitants  of  Palestine  are  Arabs  ;  that  is,  they  speak  tbii 


r»- 

nan  ^B 


Antiie,  thiHigli.  H  ith  slight  cxc^ptioDf .  th«y  see  probably  all  deaoend- 
■nt*  of  tbn  old  uihftliitnnt«  of  S^ria.  Thny  nrc  a  tinq  i^iritod  race 
af  men.  and  )in'«  given  Mohammed  All  unich  truubie  in  iiubiluing 
ih<-in,  and  Mill  mor»  in  retaining  theiu  in  aubji-ctuia.  Ibey  nit) 
■Atii  to  he  indiiKiriuus  i'ur  oi'itnlnU,  and  to  bale  tbo  right  elerMciiU 
for  tweoroing,  utidur  bettur  au^piocK,  a  civUtzod  intnlJeatuat  nation. 
I  Mieve.  ho»«t«r,  it  will  be  foiiod  im practicable  lo  raisi;  any  ppople 
t»  B  rmpectablo,  wclnl,  and  moral  EtatP  under  a  TurkifJi  or  Eg'yptian, 
«f  any  ftttiw  Mnhomclan  government.  The  inherent  viciH  of  the 
rvligioua  ■lyriti^oi  I'nti^r.  niiA.  IVuui  tlu-ir  unavoidable  uunituvtiuiiN,  niiiit 
wu<r  sn  daeply  inti>  llio  p.jliiical  arlminivtration,  that  any  refoi'm  In 
goTortiinvnC  or  iniprviveiiiunt  in  the  pt'ople  boyond  temporary  ollo- 
Tlaiions  of  eriU  imt  |»rw<iiig  to  be  endurt-i,  cannot  reasonably  he  or- 
pecwl. 

Thp  Turks  and  Syrians  nru  about  nt  the  maximiim  of  tlm  civilt- 
ttiUon  poiaiblo  to  Matiomiidanx  of  tite  present  time.  The  moroan* 
tile  class  \%  J^id  to  he  little  ri'spectcfJ,  and  gencrnlly  to  lack  intcgHty. 
Vcncity  in  held  very  lii^titly  by  nil  classes.  The  people  are  com- 
monly temperate  and  IVugal.  whiob  may  hedenoniinattd  oriental  vir- 
tue*. Their  situation,  with  regard  to  llie  physical  meant  of  comfort 
uid  subxiKtonce,  are,  in  many  respects.  I'avoiirabld,  and  iind«r  a  tolor- 
ablci  govei'iimt'nt  vuuld  be  ahnuat  imequiLlieil.  Ab  it  is,  the  Syrian 
peasant  and  hia  family  fare  much  better  than  the  labouring  cla'isos 
of  Earope.  The  mildnei^s  of  the  clinmtir.  the  abundance  of  land  and 
its  fertility,  with  the  froH  and  luxiirinnt.  pantiiri^u  that  covere  tho 
raountaina  and  the  plains,  render  it  nearly  imposaiblu  that  tlio 
peaaant  should  not  bt-  well  supplied  with  briW,  fruit,  meat,  and  milk. 
I  hnre  already  lind  occasion  to  Tvpcat  tile  doularaiion  that  thi^  people 
almuat  alwayo  appear  well  qloilii?d.  Their  housee.  too,  though  often 
of  a  alight  construction  and  mean  appparance,  must  he  pronounced 
ooniniodioiiH,  when  compared  with  ihe  dark,  crowded  apartnioat* 
■Mually  occupied  by  tlio  corresponding  elapses  in  Europe.  Agrioul- 
tonl  vageH  vary  a  good  deal  in  different  purtn  of  the  country  ;  but 
t  had  rouon  to  eonchido  tliat  the  average  was  uot  lobs  than  three  or 
fMir  pia^rrs  por  day.  With  all  these  advantages,  population  is  on  the 
dtvlinn:  so  active  and  destructire  are  tho  vicious  tendencies  of  the 
raining  system  of  religion  and  government,  folyji^amy,  military 
ooDKripiion,  unequal  and  opprcMive  taxation,  forced  labour  for  the 
mlers  general  insecurity  of  property,  and  the  consequent  dueourage- 
nent  of  industry,  are  probably  i.ho  principal  causes  of  thin  deplora- 
ble nesull,  Thei-e  are  other  pauses  of  depopulation  which  are  inse- 
parable from  gvnoral  ignorance  and  barharib-m.  One  of  the  niosr. 
denrnetive,  and,  at  llie  enine  time,  most  latent,  is  probably  the  want 
of  medieal  knowledge  and  skill.  There  are  iiu  well  taught  physicians; 
and  in  the  hands  of  the  ignorant  pretenders,  who  alnaya  thrive  undei- 
mich  ciroumiitances,  dixea^es  come  armed  with  a  fat.il  malignity  un- 
known in  civiliud  Miintries.  The  plague  often  sweepe.  unchecked,  orer 
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the  country  u  well  u  ihu  towns,  nurrjrtng  t^n  tcnlh,  •  Bftli,  or  &  tkinl 
of  tlio  inhkbiUnU.  Tlie  more  oommon  »»')  milder  diMUCA,  which 
raadJ);  tubmit  u  proper  trMtnicnt,  «ft«n  Mquire  the  greatwt  vira- 
lanoes  thi-oii|;h  nngUnt  and  raUmuiAgenicnt,  till  thcjr  yield  only  to  the 
giwt  itvitruycr  in  tlia  «xte»t  of  ilioir  mvagM. 

Thf>  iitislciiruliiPM  of  nil  ngriciiltiiritl  i>p(n«tions  is  not  entitled  V) 
■  place  among  tbone  cnuiu't  of  dccuy  in  an  nmpto  and  fertile  negioii, 
«rfa«re  tha  moat  imp«rrect  tillage  can  Iiurdlj  fail  to  nupply  tho  wants 
of  10  itc&iity  a  population,  yet  the  mere  mbstttutlon  of  ibe  plough  ef 
Pttleotine  fi>r  the  improved  inttniment  uaed  in  tingtnnd  end  Beloium 
would  (litiiini»Ji  the  productions  of  thu  e»rth  in  tlioitu  countries  one- 
third  in  amount,  and  ovorxpruad  the  land  w  ith  poverty  and  famine. — 
Olin'ji  Travel*  in  Effvpt,  Arabia  Prtrau,  amd  the  Holy  Land, 
Tol.  il..  p.  427. 
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To  determino  thi?  pm'ts  of  the  vertebrate  skeleton  which  are  me 
oonalnnt ;  to  trace  tlieir  general,  serial,  und  special  homologies,  nndc 
all  the  various  modifications  by  which  thuy  are  adapted  to  the  eeie 
ral  modoK  and  spheres,  and  grades  ot  existenoe  of  the  different  spe--' 
dm,  should  be  the  great  aim  of  osteulogleal  science;  a«  being  that 
which  will  reduce  its  fscts  to  the  moet  natural  order,  and  their  expo- 
sition  to  Hio  simplest  eTpros^ions.     Jt  is  impossible,  in  pursuing  the 
requisite  comparisons  upwards  through  the  higher  organized  classe 
niji  to  recognise  the  elose  and  interesting  analogies  between  the  mi 
ture  stales  and  forms  of  ichthyic  organs,  and  the  embryonic  condii 
tion  of  the  same  parts,  in  the  higher  tpecies.     But  these  analogic 
Iiiive  been  frequently  ovei'stated,  or  presented  under  unqualified  mg 
taphorieal  expretsions,  calculal>?d  to  mislead  the  student,  and  to  oh 
struct  the  attainment  of  true  cunceptions  of  their  nature.    Wa  «houl 
lose  some  most  valnablu  fruits  of  anatomical  study  were  we  to  limit 
the  application  of  its  fact§  to  the  elucidation  of  thi?  unity  of  tiie 
vorielirato  type  of  ot'ganizatlon,  or  if  we  were  to  rest  satisfied  wilh^| 
the  detection  of  the  analogies  between  the  embryos  of  higher  and  tht^l 
adults  of  lower  specie's  in  the  scale  of  being.     We  must  go  further, 
and  in  a  diiferent  direction,  to  gain  a  view  of  the  beautiful  and  fruitful 
physiological  principle  of  the  relation  of  cacli  adaptation  to  its  appro- 
priate function,  and  if  we  would  avoid  th«>  danger  of  mistaken  una>l 
logy  for  homology  or  iJeniit.y,  and  of  attributing  to  inadequate  hypo 
thetieol  secondary  oauxcn  thct  manifestations  of  Design,  of  Siiprot 
Wisdom  and  Beneficence,  whicli  the  various  forms  of  the  animal  creo 
tion  olier  t->  our  contemplation. 

To  revert,  then,  to  the  sfkclcton  of  Fishes,  with  a  view  to  tho  toloo 
logical  application  of  the  facts  determined  by  study  of  tins  uomplux 


inMlificatiim  of  the  autnial  fraiDework.  No  doubt  lliere  ik  aniilogy 
Uilwoon  the  carlilagiimiis  utalo  of  clio  omJo-skt-lBton  of  Ctivipr's  Clion- 
dropfiOrygMnK,  nnd  that  i>f  thi'  nanirr  pnrt  in  thu  fii»T>r^oii  of  3  ii--b  run  th- 
ing vurtebritles  1  but  why  iliiw  gri«ily  skeletuu  should  he,  as  it  uom- 
tnonly  Utw  boon  pronoiinci^d  to  ho,  absoltitoiy  inferior  to  th<i  bony  one-, 
is  not  xa  obriouN.  Thu  uriliiiiiry  cuurKe  of  age  and  doc lop it  11  do,  oruf 
what  nwy  be  called  the  decay  of  th«  living  boily,  U  assooiated  with  a 
piogrwsivc  accumulation  of  eavthy  and  inorganic  pariiclfs,  grodunlly 
inpoding  «nd  sliirvning  the  luovoincnts,  and  Bnntly  stopping  the  play 
of  lite  tiial  nuvhiuu  ;  and  I  know  nut  >vhy  a  Ituxible  vascular  ani- 
Bk]  substance  should  be  auppo8i.>d  tn  bo  raised  in  ihu  hiatologii»il 
tola  bocausc  it  lum  bououie  iinpi'ognated,  aitd,  ax  it  v/ere,  petriSed,  b/ 
die  abundant  intus-suscoption  of  earthy  sall^  in  its  areolar  tinsite.  It 
it  perfectly  tntelligiblo  that  this  ocoolcrated  progress  to  the  inorganic 
K«U  iiiii.y  be  requisite  for  some  apeuial  o(£oo  of  such  calciBed  parbsi  in 
llie  individual  euunoiny ;  but  not,  tboroforo,  that  it  is  in  an  ubimlutii 
deration  of  sijcli  parts  in  tlio  sorifs  of  an:nial  tissues. 

It  hB:(  been  deemed  no  mean  result  ai'  uonipai'utive  anatomy  (o 
katL*  pointed  otit  the  analogy  bL-tween  the  abark's  skoletoii  and  that 
of  iho  human  embryo,  in  rlieir  histological  oonditions ;  und,  no  doubt, 
a  is  a  Very  interesting  one.  But  can  no  inaight  be  gained  into  the 
purpotto  of  th<^  all-wise  Creator,  in  no  arresting  the  ordinai'y  course  of 
Mteygeny  in  the  highly  organizod  lish  ?  Arc  we  to  entertain  no 
other  vifTW  of  it  thati  as  an  unfinished,  iuconipIet«,  stage  of  an  hypo- 
tlietical  3i.ml  developnient  uf  organic  forms. 

The  predaceoua  aliarks  are  the  uiostactivovind  vigorouB  of  dabes; 
like  tlio  birds  of  proy,  tlioy  »oar,  a*  it  worn,  in  the  upper  i-egions  of 
l.huir  atinosphcro,  nn<l,  witliout  any  aid  fi-oni  a  uioditied  i-espiraiory 
appavaluB,  devoid  of  an  air-bladder,  they  habitually  maintain  theui- 
■elvQit  near  tho  xurfaco  of  the  sea,  by  the  autions  of  their  large  and 
mu*cular  fins.  The  gristly  skeleton  is  in  prospective  hai'moiiy  with 
this  mode  and  sphei'u  of  life,  and  wu  shall  tubiioquontly  Snd  as  well 
marked  modiBcations  of  the  digtti^tjve  and  other  systems  of  the  shark, 
by  whieh  the  body  is  rendered  aa  light,  and  the  npace  which  on- 
croaclies  on  the  musetilur  8y>jteni  as  suiall,  as  might  be  compatible 
'ith  those  actions.  Besides,  lightuess,  toughness,  and  elattieity,  are 
tile  qualities  of  the  skeleton  moat  essential  to  the  shark  ;  (o  yield  to 
th«  contraction  of  tho  lateral  inllactor^,  and  aid  in  the  rouoil,  are  the 
functions  which  the  spine  is  mainly  required  to  fulRl  in  the  act  of 
locomotion,  and  to  whiuh  its  alternating  ola>4tic  bails  of  fluid,  and 
tORii-ossifiod  bi-concave  vertebrsa.  so  admirably  adapt  It.  To  have 
hud  their  entire  skeUton  consolidated,  and  loaded  witl)  earthy  matter, 
wOQid  have  been  an  encumbrauc< ,  altogether  at  variunue  with  the  of- 
fices which  the  sharks  are  appointed  to  fulQl  in  the  economy  of  the 
great  Amf. 

Vet  tlioru  are  eoiiie  who  would  shut  out,  by  eanily  cumpruhendcd 
but  quite  gratuitous  j^ysteins  of  pnjgres»ive  truna mutation  and  aelf- 
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en«livr  furceH,  tiw  Mul-vKpanding  ^[»|mmalM>i»*  of  titc  6diiI  forfMti 
of  Uu>  focund  ritrietiM  of  (li<^  nnimil  iiWucttirM  by  whicli  we  »r* 
drawn  nearer  to  the  Great  t'tnt  Ouim.  Thev  int  nothing  nior«  a 
this  moditication  of  the  bkelucon,  whirh  is  ao  btMUtiF'allj  wiajiictl  U 
ibi'  oxigeiicius  uf  tliu  bigiiMt  ofguiisod  of  fishas,  than  n  forwhsMM^ 
vf  liiv  vhrtiUginouB  oonditioti  uf  ibe  roptiliui  vmbrjo  in  mi  enonntat 
I  ltul|<ok',  arre6i«<l  at  nn  iiicompJetf  BUg«  of  typical  dcvelopmunt.  Bat 
r  thoy  have  bevii  licoriTrd  by  tlx)  common  niui>e  giren  to  the  Pbgio«l«> 
niouv  6Mho«;  ttie animal  tiknii  of  ibe  sbtirk'ii  tlulvton  it  not  cartibM : 
it  is  uut  tluil  uuiiBUiidaUMl  jelly  nltich  rurnia  thu  btuia  of  tliw  bono*  of 
higher  TMtubrutn ;  it  luvx  nioro  i\«,-nibliti)ue  W  lanuus ;  it  r«quln:i 
lOOO  liRio*  ill  wuiglit  oTbuiling  waturWita  (olntion.  ukI  is  a»tber 
prFctpit«t«d  bj  infusion  of  gnlltt,  nor  yiddt  »»j  gobltno  itpon  «n^ 
pomtton. 

In  like  mniiDcr,  tbo  modificuiona  uf  lliv  dermal  sboleton  of  6shM 
liar*)  beon  viuwoJ  tw  exduaively  in  u  rutroapecttvc  rutnlion  with  tbu 
prevalent  clinractcr  of  Uio  hkel^tou  of  the  inTerl«brut<:  siniiuBk. 
DoHbtlew  it  i»  in  tlm  towost  cla»«  of  rrrtobrata  that  tho  examplw 
of  great  and  cxcliiaivo  dov^opmenl  uf  tbu  "xo-Kkclolon  are  moet 
DumerouB ;  but  loiue  amtomlUs,  in  tliuir  e<!hI  to  truce  the  wvrijil 
progresBian  of  animal  fomiii,  k<<om  to  have  )o6t  lifclit  ol  all  the  T«rC*- 
brato  inataitCM  of  tlic  bony  duniutl  skulolon,  except  llii>«u  prveenud 
by  tlie  gauoiil  mid  plucoid  tlahea.  He  must  bsve  vuuk  to  tbo  lu 
eoneeption,  tlint  imtun?  had  been  liuilled  to  a  eerlain  allowancu 
tho  mHr  of  lime  in  the  forinntiiMi  of  each  animal's  hkeieton,  wl 
eould  affirm,  that  in  tbi!  higbn-  vrrtfrbrntii  "  tlie  internal  arti en lat 
skuleton  taken  all  tho  Mtrttiy  itiutd'r  for  ita  oonsulidation  (xxrii.,  pJ 
5^7^ii  fur^t^tli'ig  that  llio  bulky  UI,v]itCKluu,  and  ita  diminutive  i 
Armadilloh,  have  ttioir  inUrniil  >ki;li;t6n  ai.  fully  dtvclopci),  and  . 
L  eomplutcly  oaxiBiM,  aa  in  uny  liht-r  maniMuils.  Thu  or^snixing  oner- 
Igies  which  perlWt  and  ftlrongthm  the  o«i«oiis  interunl  skeleton  do 
I  not  donroy,  nor  in  uny  dcgrco  iliraini^h  tho  tendency  to  calcareoas 
I  depoMtions  on  tlic  nurfacu,  who:i  the  habits  and  sphere  of  lifo  of  tho 
warm-bioixled  quudrup^  requirv  a  »ti'ODg  di-foiisive  eovenng  frvm 
thai  source.  i 

The  moment  that  tlie  observatioiu  uf  the  natiimlist  bring  to  lightJ 
Litie  mode  of  life  of  any  of  thai'?  ^^hl^i  which  are  i^nid  to  retain  airi 
P-vnutiial  proportion  of  t1i<'  iixtemnl  »licll  of  the  tiivei'lubrntu,  wo  aril 
in  a  euiidition  tu  iLp|>rvi;iut«  tbf  aiiaptuLiuii  uf  that  estei'nal  dofonsivcj 
eovei'ing  to  suL'h  mode  of  lifv.     I'ho  stiirgoon^,  for  oxaniple>  wersj 
Idenigtioil  to  be  the  ■'■mvongerft  of  tho  grrnt  rircr*  ;   thoy  awitu  lowj 
'grovel  along  thir  bottom,  feeding  in  shool^  on  the  dcrompoatng  anininll 
and  vegetable  Milwtances  which  arc  liiirriad  down  with  thodebritiorthM 
»«ontinent>i  ili-aine<l  by  thoMi  rapid  currcntu ;  iJius  iboy  are  over  liusii.'dl 
be-con veiling  thi.-  niibsUiiicuii  oludi.  vtburwiee.  wuiitd  tend  to  cuiTUpti 
the  oueaii.  Into  living  t>rgniiizo>]  matter.    Tlii-^e  lis! ice  arc,  lIiL-ivfuri',  1 
daly  weighed  by  a  hnllni't  uf  dimMi  dermal  iiiMTidi^  plales.  iiwl  »uati<.'rudJ 
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ruidcxn  over  their  tarfac*,  but  legiilarly  airaii^d,  u  die  nounui. 

iwv  how  bnllatt  ^tiould  bo,  in  orilorlf  «ei-i«  alonj;  thi>  miiltUe  and] 
M  xbe  Rides  uf  tli«  body.  Th«  proluutioii  agniuit  the  Hater-lug^od  | 
limber  uid  atones  kurriud  along  liieir  fet^diug  gruuods  wliidi  (h« 
■torgiMiu  derive  rruni  their  »cale-arnii>iir,  t'ondei'H  necdksi  the  unai- 
Bcstion  of  the  osrtilagiuuuB  ciuc  of  tin-  brain  tir  otber  pnrta  of  [lia 
endo-skolcton  to  be  kept  as  light  aa  may  be  ootiipatible  wiib  i[s  elas- 
tic property  and  other  functions.  Tile  sturgeons  aro  furl.hor  adjusted 
to  Uieic  plux^e  in  the  liquid  element,  and  endowed  wiUi  tlm  (luwur  of 
dMiiging  their  level,  atid  riving  with  cbc>jr  delenaiFu  load  to  tli«  aur- 
htM  By  a  large  cspan^ire  air-bla^doi'. 

Tbeec  Icleolugical  interpretations  of  tjie  diinm!  bony  pltttcK  may 
give  some  inaigbt  into  Ota  Jiabits  aiid  condiiiuii^  of  esigteiice  of  tbona 
ganoid  and  honTiIy  proloctod  placoid  fitlies  wbinb  so  pradoniinaced 
in  tlie  earlier  periodx  of  animal  life  in  our  planet;  uheietLe  tbebs 
gaiMidn  atid  placuids  have  hiiberto  been  vittwud  alniust  exeliisively  by 
tbo  light  of  ilip  acinloi^y  of  an  cnilii'yonic  "  Ago  of  Fi>ihes,"  or  explain- 
ed by  tlio  hyJH)tbc.^i!l  of  trunnniutud  eruQUiDea.  Soini.-  bare  gone  so 
fir  an  lo  aftinti,  that  in  xll  thjke  nulid  partv  that  cover  and  shield  the 
•xtcrior  of  (he  body  of  tho  hturg>'»ii  nnd  nnal-igous  Eithes,  "  tliero  ik 
nothing  in  the  Icn-st  analogou.i  to  any  part  ot'  the  int.ernHl  uriiuulnted 
ikeletoti  of  Tei-tubiala,"  but  that  "  it  is  ciitiivly  a  remnant  of  the 
Mipprficial  shells  of  invcrtobrftta,"  (xxvii.,  p.  337.1  You  would 
lianlly  suppose,  from  thcMc  exag^i^i'atcd  pxpreisions,  that  both  ganoid 
sod  plncoid  platen  nrv  as  riehly  orgaiiizod  and  pui'nieattd  by  niitrienl 
itSMle  as  the  bonea  within  ;  and  that  tlivy  [nvaent  the  same  niioro- 
Dcopic  structure  ns  the  Obrified  parts  oi  tho  oiiiio-skoloton.  whii.'h  ihay 
serve  to  protect,  I  have  proved  thi.-i  imtli  regard  to  the  fxistliig 
Z#)H'/o<M»«,  and  the  exunet  J^<;^ii/oeuf  (r,,  |>,  14),  Drs  Peters  and 
Mitllcr  hare  shewn  tho  osseous  rayed  corpuscles  in  the  scales  of 
polyplerus  and  olber  ganoids.  Nay.  many  of  the  tianoid  fishes 
ht**  these  modified  bony  uvilca  articulated  in  regular  series  by  a 
kind  of  gocnphosis,  like  the  pei^  and  sockets  by  whieh  ihc  tiiox  of  a 
ruuf  ana  linked  together.  The  dermal  bonsN  which  form  tlie  cara- 
pao»  of  tho  ariuodillu  hat-e  die  same  celhilu-reticiilate  interior  ^truc- 
l«ro  as  the  carpal,  (arKnl,  or  otiior  hones  of  the  endo-p^koleton  not 
excavated  by  a  medullary  cavity.  This  is  well  demonstratctd  in  the 
irnud  boneH  of  the  great  extinct  Glyptodons,*^ 

The  great  proportion  of  the  primitive  cartilage  which  ift  retained 
'bi  tlie  &kull  of  many  of  the  uaseoua  fiiihos,  the  salmon  and  pike,  for 
oxampio,  and  the  greater  propoi'tion  of  the  animal  to  tho  earthy 
mattet-  in  all  the  bones,  lh»ir  co-irse  texture,  the  r.tdiating  fibreii  of 
the  flat  cranial  bones,  and  the  general  absence  of  deutatrd  ButureH, 


■  M.  t>t  HluDvillv.  inUie-  U«n»r^il«ti  OilAnli>giquiH.''  prallxiMl  to liin ;(r*>l 
"  OMOPgraphi*,''  adiiillf  tlut  the  atruolaie  of  the  ■Inriiiiil  Uoniia  liu  •  nvrlnin 
rtwmblance  with  l.h»t  of  l.ruu  bones ;  hal orrs  ia  Blating,  ' nipt  wile  dUTircai-'o 
ImpoHanle.  -lu'ell*  n'  I'lt  jumnlii  mlluUusa  el  retlcuI»o7'  4to  1H30.  p,  1J. 
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are  aII  p«rM)it«nt  chftrtcUra  iti  obmnhik  flflbes,  wbieli  ramtnd  tlie 
Mitliropotoinirt  ol'  traiwitionftl  oitM  in  ihe  human  f<;Mu>i :  but  tli« 
light  or  t«lcolof{y  domuasimtiM  tlw  porfcction  of  nuuh,  so  t«rra(<d 
onibryonic  nonditioii)*,  tn  relation  t«  tbu  atoiOHpbeni  and  movemuni) 
uf  ihu  ftidi.  It  is  f[eii«rtili]r  iu  fre^h-wator  sbiiomiiial  fisheis  that  tbe 
(iemi-OMtOUS  oondition  of  tli«  tkiitt  it  found.  Ki>d  tlio  diminution  of 
the  i^uuntity  of  heavy  V&rthjr  partiden  ma;  be  oonnedMi  with  tJte 
lesf  lieiise  quitlity  ol'  their  modiuRi,  an  compared  with  sea-wawr,  and 
wicli  tlii<  uKunlly  [iiiirc  [Hi),t«rior  position  nf  the  rcntral  fiiui. 

In  t'ori^jviiC'L-  ti>  tli<^  aiialoffi«s  to  tlio  form  of  u  lixli,  w«  ntay  bo  ■«• 
iiiLiided  thnt  tlic  \\vnA  uf  too  liiiinsn  eniWjro  is  di»]in>partionat«l]r 
Inrgo.  Ti-iie,  but  titi;  head  of  a  fixh  tnuat  nocdi  b«  largo  lo  mott 
and  overcome  the  rwistanc«  of  the  fluid,  i»  the  mode  mom  raToiicabb 
for  rupid  progrctsion ;  it  mu«t,  theroforo,  grow  with  the  grosth  of 
the  Rsh.  Keove,  tlui  large  eiunial  bonoo  alwa<r»  aliew  tito  radtattn^ 
osaeous  >)iicul»  in  ihoir  clear  oiu-umfercncc,  wkiuh  *»  tlie  active  aeU 
of  growth  ;  htnv,  the  niimbor  of  overlapping  matures,  which  Itast 
oppoxc  the  progrejinive  ext^nnon  of  thr^  boncn.  The  cranial  cavity 
expHndii  wiili  the  expansion  of  the  head,  the  absorK-iita  remove  from 
within  as  tho  artorif^  are  oxtendinp;  the  oEseouii  walls  witlioul.  bnt 
the  brain  undcrgue«  ou  vurrwji ending  increoKp ;  it  liui  ul  the  bottom 
of  \\»  cupocioua  cbaiuber,  wliieh  is  prinuipally  uvcupicd  by  a  locne 
ci^lluUi'  ti'sue,  »itiiate<l.  tike  the  nruehnoid,  botwoen  the  pia  niaie-r 
and  the  dura  mnter.  and  having  its  cetl«  filled  with  an  oily  tliiiil,  or 
fiometimes,  aa  in  the  Elurgeon,  by  a  eompnct  fnt  (xxiii.  t.  i.,  p.  309), 
Now,  this  cnndition  of  the  envelope  of  the  brain  is  not  only  like  (lie 
tibroiia  tis^iue  and  ii^uamous  «ului'd«  of  the  ever-gfuwing  cranial  boilM, 
rulnted  to  the  rviui^ite  piMpurtiuiiis  of  the  foru  part  of  tji«  fisli  for  fa-, 
eilitating  its  progressiva  motion,  but  it  is  one  which  no  embryo  of  a 
higher  animal  ever  presents  ;  it  is>  as  peculiarly  ichthyic,  as  it  is  *x- 
presaly  ndjipted  lo  the  exigencies  of  the  fish. 

It  liaa  been  ht-ld  that  conllueucL'  ot'diNtiiict  bones  is  a  con!iM|ueaGa 
of  high  eirciilating  and  respiratory  energies;  yet.  the  aiichyloMM' 
uf  the  supra-occipilal,  parietal,  and  frontal,  above  thu  cranium,  aitd 
of  the  baii-occipiial,  boi^i-sphonoid,  and  pre-sphunoid,  below  the  cra- 
nium in  LepidoMTfn,  and  the  constant  conHuoneo  of  the  posterior 
and  auterior  basi-Kpliunoidn  in  all  bony  Babes,  disprove  the  constancy 
of  the  «uppobud  relationship,  and  Itiad  us  to  look  for  oibcir  explana- 
tions of  Buuh  eoali^iieenci;  of  pi'iniitively  or  e^si^ntially  dittinet  boitcK. 
We  shall  find  a  6nal  cause  for  the  rapid  uonsoUdat.ion  and  union  oC 
the  elongated  bodii-s  nf  the  two  middle  cranial  verlebrre  of  Rshee  i» 
iho  npceKKity  for  HtrL*iigtli  in  the  basis  of  that  part  of  tlii!  skull,  from 
the  HiduH  of  which  the  largi»  and  heavy  maudibitlur  and  hyoid  ardiett, 
And  their  uppcndi^eK  are  to  ho  sURponded,  and  to  »wing  fi'ooly  to 
iind  fro.  Tlio  pualeriur  and  anterior  (phcrnoidK  continue  distinct 
hones  in  all  mammalia,  during  a  period  uf  lifL-  at  which  tliey  form 
one  contintioiiK  bonr  in  H^hes. 
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Tbo  flatteoed  form  of  th^  frontal  &iii]  parietal  bones  In  osseous 
fiiiltos  has  bo«n  tuiiocmtcil  witli  tho  Einall  dcvHopmenl  of  the  brain 
wbioli  they  prutoot :  but  obBonro  how  tttey  would  huve  impMnl  llio 
progrets  of  tbe  fish,  had  they  boeQ  oxpnniiL-d  intu  the  duni«-ahaped 
tank  which  arcW  over  the  skull  nf  Birds  and  Mainnialn.  Thon:  was 
no  nood  of  that  dnvttlopnieDt  in  fishes ;  but  we  niu^l  not  ovcrluok  the 
fact,  that  itti  very  absence  is  a  perfection  in  thoii-  htmuturo,— an  adap> 
lation  to  thoir  sphere  and  mode  of  locomotion. 

The  loose  eoiinititions  of  most  of  the  bones  of  the  faoB  may  liku- 
•riiw  remind  tlie  homologJHt  of  their  >;oiiditioti  in  tho  imperfectly  de- 
veloped nkkill  of  the  onitiryos  of  bijhur  uniniaU  ;  but  this  oonditioii  in 
Mpecially  subwrvidit  tu  the  peculiar  and  esti'nsive  niovunic-ntB  of  thu 
jftWK,  Mid  of  the  boneft  connected  with  tho  hyoid  and  branchial  ap- 

Xocanyoftholimb*,  properly  BO  cilled,  of  fishes,  areprchonsile;  tile 
iiioutti  may  be  propoUed  and  guided  by  [hem  to  the  I'uui!,  but  the  act  of 
prebc«uiiau  inuet  be  performed  entiriEily  by  the  jaws.  Hence,  in  many 
Rtbes.  bolli  upper  und  lovrer  maxillary  bones  enjoy  movenienlsuf  pro- 
tnetion  and  retraction,  as  well  as  of  opening  iind  shutting.  The  firm 
eoaitecttonsof  the  upper  jaw,  and  wedged  fisity  of'  the  bonn  suspend- 
ia(t  lh«  under  jaw,  whioli  ehamuterize  the  higher  Reptiles  and  Mam- 
mats,  would  bo  ini  perfect  ions  m  the  Fibh;  in  which,  therefore,  such 
elmracters  are  not  only  absent,  but  i^pocial  dovclopnienl  in  thu  op- 
posite direotion  not  iinfrei^uently  gue^  so  far  iis  to  produce  the  most 
ndintrable  mechaniual  adjuKtinents  of  themaxilbry  apparatus,  eompeii- 
nting  for  the  abxencEi  uf  band"  mid  arma  like  these  which  have  been 
exempliflod  in  the  instance  of  the  Epibutus  insidiator  (p.  108,  fig. 
37.) 

Wo  must  guard  oumolves,  however,  from  iufurring  absolute  supe- 
riority of  structure  from  apparent  complexity.  The  lower  jaw  of 
(iiihos  might,  nt  first  view,  seem  more  complex  than  that  of  man,  be- 
cauMi:  it  aunuKtH  uf  a  greater  number  of  piucen,  each  rumus  being 
cuiTiposed  of  two  or  ibrae.  and  noiuelimeB  more  separate  bones.  But, 
by  pftrity  uf  rcaaoning,  the  dent.il  system  of  that  jaw  might  be  re- 
-jMjriAd  us  mui'u  cunipte.\,  beeause  it  supports  often  tlireo  times,  or 
MJnames,  perhaps  fifty  limes,  the  number  of  teL-th  which  are  found 
in  tho  human  jaw.  We  here  perceive,  however,  only  an  illustriiti'in 
of  the  law  uf  vegetative  repetition  as  the  ohai'seter  of  inferior  organ- 
innis  ;  and  we  may  view,  in  tho  same  light,  tho  niultiplieation  of 
pieces  uf  whidi  the  supporting  pedicle  of  the  jaw  In  ooiiiposed  in  fishes. 
But  the  gi'^at  i'lte,  und  the  double  glenoid  or  trochlear  a rtio illation 
uf  that  pedicle,  are  developments  beyi^nd,  and  in  iiiii-anci'  of,  llie  con- 
dition of  the  bones  ttuppurtiii^  the  lower  jaw  in  mammaha,  and  re- 
late both  to  the  increase  of  tho  I'npai-ily  of  the  mouth  in  litihes  for 
the  lodgment  of  tha  groat  liyoid  a.nd  branfliial  npparnlnx,  and  lo  llie 
Kupport  uf  the  operuula  or  doors  which  open  and  ulunu  the  bruiichiul 
cliambers.     'fhe  division  of  the  long  tjmpimie  |iedieli'  of  osseous 
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fillies  into  ««Tcnl  p«itl)r  overla|>]>ir)X  piceea  mM»,  \a  Ha  ttrangUi,  uid 
bj  pemiitting  a  blight  claMk  bpoiliiiK  ut'tlu)  wttoJ^  dnniniilw*  tho 
liabilitj  lo  rraclur«i  TliA  uniM-nMu^  lixe,  inorMver,  of  lli«  tj'inpaao- 
man>libular  nruti,  and  of  ite  diverging  app«niia{;««.  oonlributc*  to  oi- 
ture  tlut  ]iru|>ortioit  uf  the  haa«l  lu  tbo  trunk  vhicb  Ji  bmt  ailaptod 
for  the  progreuirv  motion  of  lli«  A>li  thrai^lt  tli«  iraur.  But  with- 
out tlio  adroiMion  and  apvrwialion  of  tbate  preordained  adaptatioiu 
to  special  exiuoncies  in  tlio  ikoleton  of  fiahca,  tb*  stiparior  MrragUi 
and  oompUix  tUrrdoptuctit  uf  tliu  tymjiaiiic  pcdiolv,  and  ita  appcuidlgM, 
would  bo  iiioxplicablL*  uid  uiiiiit«lUj{ibl«  in  iliib  ltiw«kt  and  Grw-barn 
class  of  Vcrubrnte  nniinak. 

In  contrailiitg  tliu  (kclut^ns  of  tbo  Fiab  and  Minimal,  with  ro- 
fVrunuu  to  hf  potbL'tical  sMMndarjr  odgiou  of  ur^uii;  epvctw  :  Mcb. 
for  «zaiiip]e,  av  tbnl  of  tranHniiUttiun  and  progi'vssiTo  a>c«nt  of  tpe- 
oiGo  furitiK,  tbs  viut,  di.ipnritjr  of  tlw  Iiyoiduan  aiieb,  in  puint  of  uie, 
oocnplexil;,  and  vtrangtli,  botli  iiilriuBiu,  and  aa  due  (o  iti  coiineo 
tions,  mtmt  nut  be  overlooked.  Its  small  siie.  simple  sirucitire,  aod 
looM!  Kutponkion  in  tbu  6«fth,  haro  l«d  to  itn  being  reckoned  in  An* 
tbropototu)'  aa  a  ninglo  lioim  ;  and  it  is  nireljr  pruicrvud  in  tli«  aiti- 
fieiat  »kalocoii&  of  man  or  boa^ti  wbilst,  if  ahdoKile  and  relaura 
r  Diiignitudo,  complexity  of  Hinicciiro,  and  importanci:  of  funoiion,  am 
Itedb  of  d)«  gradi!  of  urgviiixatiiju  of  a  ]>art,  die  pro^rers  of  dorulf-p- 
moiit  tiiiiBt  hv  licM  to  bare  boon  raver^ciij  in  ri'icpect  of  tlie  byoid 
arch;  wliich,  witb  it«  appendages,  ulTers  the  bi^besi  grade  in  tiah, 
and  tbe  lowest  in  tn^n.  And  why  lliit  gritnt  ilitF^ivnei« — ibis  strilt- 
ing  exucpliou  to  tbe  genuml  uoaditiuii  of  dm  iubdiyie  organiuklion  t 
It  in  explicable  only  on  leleological  pi-iiiuiples.  Ic  id  true  ibo  Fitli 
taitce  nut  willi  its  tongue,  neitluir  ducx  it  >pf-ak  ;  tbc  fiAa  function  of> 
tbo  buuian  longiio  bone,  wbiuh  u  periunnvd  br  that  of  tlui  fiidi,  U 
tbal  whicb  '\<t  iti  ^iibscrvieticy  \f>  degliitilion.  Uut  tbio  t'utictiun  is  not 
in  relation  to  food  alone ;  all  tlm  iiivcbiinien.1  part  nf  brratliing  in  the 
fiab  is  a  modified  iicl  of  swullowiii^,  Tbu  lipoid  ureb  ii  die  cliief  M 
point  uf  Auapensiuu  uf  tlie  viscoral  arthck  wliich  suppuit  tii«  gilU ;  1 
and  tbL-  bran cbio.iti 'gal  nuiuibmue^,  strclcliad  out  upon  tlio  diverging 
rujt  ol  tlw  liyoid  an;b,  regulate  the  uuui-^i;  and  oxil  of  tbo  respim 
tury  currents ;  thug  tlio  mechanical  functions  of  the  thorax  of  lha> 
air-brt<«thiiig  cbumus  nrti  tran&furi'cJ  tu  the  hyoid  arch  and  its  ap 
peudagos  in  tl^» 

By  ijie  rutrautioii  uf  iho  hyoid  arch,  tbe  opeivultu'  duoi-s  are  forcud 
open,  and  the  bmiicliial  cavity  W  widened;  wliiUt  all  entry  fruui 
lioliind  is  pnjvcntef]  by  tbo  brorichioutegal  meuibrano-i,  wliicli  Pilose 
tliu  poBlvrior  branchial  xlitt ;  the  water,  therefore,  enters  by  the 
gaping  mouth,  tiiid  riiBhuh  tbruugh  tbo  »i[;vC'bku  imempaoes  of  tha^fl 
braiuiliial  aix-licii  into  tbe  brnncliial  cavity  ;  Uio  iiiuutii  tbun  »bul«,  * 
the  opercular  duorn  pruan  upon  tliu  biunehial  and  hyoid  arcli>iN,  uliioti 
n^nin  advance  forwarda,  and  die  bi-anchiokto^nl  uuTmbinncs  being 
withdrawn,  the  cun-ente  ruah  out  ai  tlie  opvn  po.>terivr  bninchiul 


< 
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mSe^.     The«o  functions  are  the  tru« coDditioii  uF  th«  htglid«*c1np> 
mrnt  oftlMse  hyoide«  in  ftthoe, 

I  liaife  noticed  the  great  development,  the  pi-rsi*t,oii<?n,  anA  os^ifl- 
aiiuu  of  tlia  brBni-'hmL  aruliuN  tti  ci^iinecticm  witit  tlio  ii'auiicoi'jr  nitt> 
MfrntatioH  of  cart-ilnginuug  branchial  archeis  iti  the  lurvw  of  tba 
BUracbift  ;  lliia  is  one  of  those  similtkrities  tliac  ba«  led  tn  iho  nio- 
l&pl>urii.-al  t-xpresiiioiix  of  ■•  gigantic  tadpoles,"  us  appliin]  to  fiiJio. 
But  we  seo  how  ndmirabk  the  biiinchial  archox  ai-e  a'fapt^d  to  the 
a^DiitJc  respiration  of  tho  (isli,  by  their  advance  to  a  grado  of  de- 
TCk(|HU«ut.  which  tiiey  are  never  destined  to  attain  in  the  frog, 
Obeorve  Uiotr  lirni  ot.'^ifi cation,  tlieir  eluttiu  joints,  the  Hi^re-Iike 
vaJrcK  doTcloped  from  the  side  next  lo  the  niuulh.  pi-ear ranged 
witb  the  utinoat  complexity  and  niuuty  of  adjusliu<^nt  to  prevent  the 
entry  q(  anv  particle  of  food  or  other  irritating  iiiattnrs  into  lh6  in- 
UrajMMe  of  the  tender,  highly  vateulnr,  and  aeneilivo  gilU.  ObN^rva, 
■ilo,  liuir  clie  last  pair  of  thL-tia  arclicH  is  ivduct-d  to  the  capacity  ol 
ibo  pEiUjoz  which  it  liur rounds,  how  it  'm  thickened  in  order  to 
nppore  twth  of  ninltifoim  churactvr,  according  to  tiie  natiire  of  the 
tooi  :  in  short,  coiivi-Ttcd  into  an  ;ircef,eory  piiir  of  jaw-i,  and  iJin 
■Ml  itnportajit  of  ihe  t"'o.  In  no  other  Vertehiate  animalu  i^  thu 
■oath  provided  with  innxill.iry  in«trnmriit«  at  both  foru  and  hind 
tptrturea;  in  no  other  piirt  of  tin:  iclithyic  oi'^nixatioD  ib  the  »pi>> 
dal  divet^Mici-  fcjin  any  coiicdvuhh'  progressive  bcalo  of  ascending 
Wttctiire  culminating  in  Man  no  plainly  mariicd  a^  thi«  ii>. 

All  a-riters  on  Animal  Mechanics  hnvt^  ^licwn  how  admirably  llu 
wholo  form  of  the  li-ih  is  adapted  to  the  eluinent  in  which  it  liven 
aud  luuviii;  the  viscera  ai«  packed  in  n  ^niall  conipasK,  in  a  cavity 
brought  furwarda  closo  to  the  liead  ;  and  whiUt  the  consequent  abni- 
gUioii  of  tho  Bock  givch  tho  advantage  of  a  more  Used  and  resisting 
eanrioeliun  of  tlie  liead  to  tlie  trunk,  a  greater  proportion  of  iho 
Uiink  behind  in  left  free  for  the  di-vclopment  and  allocation  of  tho 
tinjecuiar  intMipH  which  aro  to  move  tho  tail.  Jn  the  caudal  which, 
ix  uHually  the  largest  portion  ol  the  trunk,  transverse  processeh  cease 
lb  bu  developed,  wliiUt  d<:rnial  and  intorcalary  ^pinc«  »hoot  out  from 
llio  middio  line  above  and  hctow,  rind  give  iUt:  vertically  extended, 
liiMiiprcKMd  form,  inorl  eificieiit  fur  the  latiical  stro)ie>,  by  the  inpid 
alUrnation  by  which  tho  lioh  i^  propnlled  forvmrdi  in  the  diagonal 
between  tho  direction  of  thefie  fovpt-i.  The  advantai;eof  tJie  hicon- 
CMvo  furui  of  v«rtebiie  with  intervening  elatlio  capniiles  of  gi<latini]u» 
(laid  lit  etfi-ctin;;  a  conibinutiun  of  tho  resihent  with  the  muscular 
power,  ifl  Htill  more  ohviuun  in  the  Jinny  Fishea  tliaii  in  the  «hnrk. 

Yoa  may  be  iir.iiiiidud  ihat  ail  ihi-  vortebrai  of  tlie  tnink  aro  di»- 
tinol  from  one  another  at  one  (tjige  of  tlic  (juailruped'ti  develop- 
nwnU  an  in  the  ti^th  throughout  life  i  and  yon  tniuht  auppoio  that 
th«  klMcnuu  of  that  development  and  conflnenca  of  oertaiu  vcctHbru- 
nuar  Uie  tail,  lu  form  a  sacrum,  wai  a  untrk  of  itd'eriority  in  lixlieB. 
Biit   nolo  what  a  himlermici-  such  a   fettering  ol    the   uioVHnenln  of 
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tlio  caudal  nrtelxw  <rould  be  («  cre«UirM  which  progroM  by  nttur- 
nftlti  vifljorouB  infltotiikiiH  at  *  muKoutitr  tail.  A  sacrum  In  a  oonioli- 
dfttion  of  a  ffreUer  or  I«im  pfwpoitioit  of  the  T«rt«l>ral  axis  or  the 
body,  for  thft  tranaference  of  iDon  or  Iom  of  ibe  woight  of  th«  bod; 
upon  Itmbg  organUod  for  it*  support  oa  drj  bad ;  Miok  a  inodilica' 

'  (ion  trould  hoTO  been  uMtew  to  Uw  Bab,  and  not  oaly  umIws,  but  • 
hiiidorance  and  a  defect. 

The  pectoml  fins,  thoxo  eurtnilcd  prntotypiM  of  iho  fore>limbi  of 

[Other  Vortobrata,  wiih  the  laM  segment,  or  hand,  alone  projecting 
Trwoly  from  ilie  trtinli,  and  iwatlnd  in  k  comniQn  intilividod  tt^- 
mentary  Kbentb,  prc«ciit  a  condition  analugou!!  to  tliat  of  tho  cnnbrjo 
buda  of  tho  Iioniologuus  inenibera  in  lh«  higher  V>rtobra[a.  But 
what  would  liATe  beon  th«  edTect  if  botli  arm  and  roTcarin  had  alto 
extundcd  freely  from  tho  Hide  of  tho  Bub,  and  dangled  as  a  bonj, 
lli^xible,  maiiy -join ted  appendage  iw  the  iratiT  !  Thi»  liigher  de- 
volopni«nt,  n.i  h  in  terioM,  in  rclnUon  to  llio  prohenKilo  limb  of  tb* 
deniion  of  dry  land,  would  Iiaro  buon  un  im|)err«ctioii  in  tlie  iitrue< 
turo  of  the  creature  which  is  to  cleave  tlie  liquid  element ;  in  H, 
tfaerororo,  tlio  fora-limb  is  r(?diiccd  to  tho  Mnnllctt  pwportionH  con- 

Initent  with  iU  required  functions;  the  briKhial  aiiil  an li brachial 
eugmenta  are  abrogated,  or  hidden  in  the  trunk  ;  the  hai>d  alone 
proJDCtt  and  ciiii  bo  applied,  "hen  the  linh  dnrU  foi-wurdii,  prone  and 
flat  by  flexiuu  of  the  wrist  to  tho  nido  of  thi;  li'unk  ;  or  it  mnj  be 
extended  at  right  angles,  with  its  surfaces  turned  forwards  and  l»wk- 
wards,  so  a*  t,u  ehijuk  and  arrt-st  inure  or  Iws  suddenly,  according  to 
ilA  degrel'  of  exteii«ion,  the  pi-ogrcts  of  the  lish  ;  its  br(«dth  may  alro 

fbe  dimiuiebed  or  increased  by  approximating  or  devaricaling  thi 
rap,  In  tho  act  of  llexion,  the  fin  slightly  rubtlM,  and  <;i?es  an  ob- 
lique stroke  to  the  water.  For  tb^e  functions,  howuver,  the  hand'' 
requires  as  much  extra  development  in  breadth,  as  reduction  in 
length  and  thickness;  and  mark  how  this  Is  jjiven  tu  the  no- called 
embryo  or  rudimental  f'orv'-limh  ;  it  i.i  gained  by  the  addition  of  (rn. 
twenty,  or  it  miiy  he  even  a  hundi'ed  distal  rays,  beyond  the  iiuDi- 
ber  to  which  the  Riigcrs  art'  restricted .  in  tho  hand  of  the  hi)[her 
olaases  of  Vurtehrata.  We  tind,  niuruovgc,  tu  nunieroua  and  xtnking 
niodlficnti'>ns  of  the  pectoral  fins,  in  ai}jitstment  to  the  peculiar  habits 
of  the  speuic.i  in  FikIkts,  ili  wo  ilo  of  thn  fori^-limbi'  in  any  of  ttiu 
higher  classes.  Thiti  fm  may  wiold  a  formidable  and  iipeoial  weapon 
of  offence,  as  in  many  Siluroid  Bsbes.  But  tho  modi(!e>i  handa  have 
a  more  uun^taiit  ii-KJundary  office,  thai  of  tutich,  and  ari^  applied  to 
H«ce>tairi  the  nature  of  stiniiundiiig  objects,  and  partioiilarly  th« 
charaeti'r  of  the  biitlom  of  tho  water  in  which  the  li>-h  may  live.  Yob 
may  witnuss  the  tociilo  ootiun  of  tho  pectoral  finn  when  gxld  Hth  ai'tf 
transferred  to  a  iitrange  vessel ;  their  eyes  are  so  placed  a-  tu  prevvuti 
thair  Hoiiiig  H  Ital  i«  below  thoni ;  so  they  i.umprch^  their  air -bladder,. 

L*nd  allow  ihemselveB  to  tiink  near  the  bollum,  «  hieli  tlvy  xwoep,  u>  it; 

Bore,  by  rapid  und  <h'!ii;atu  vibrations  of  the  peetorul  fina,  apparantly. 
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orlaiiiin^  thai  no  sliar^i  Mlone  oi-  Htick  proJMts  ujiwardH  wliicli 
nigbt  injure  thcin  in  thoir  rapid  rnovemonts  cound  tbeir  pr'iMn.  Tf 
tll9  peoUtrnlH  aru  to  pn-foi-m  n  spt^cial  oI£.l-b  vf  ex^ilo ration,  cerlaiii 
digits  are  liberated  rroui  tUc  web,  and  luc  epeoiolly  endowed  wiili 
nervous  power  lor  n  finer  nense  of  touch,  as  we  tieo  in  the  gurnards, 
where  tlwy  colllp(!n^ato  fur  thu  loss  of  tlic  tnctile  property  con- 
Mquent  on  the  hard  cuvoriiig  of  the  exterior  of  the  mouth  in  these 
maiU-d'Cheekod  liBhos  {Jouet  Oiiiningfet,  Ciiv.) 

CcrtAtn  Lophioids  living  on  !^Il^d-^nllkIS  thnt  nre  left  dry  hI  Jow 
>at«r.  are  enabled  to  hop  after  the  retreating  tide-,  by  a.  special  pro- 
lon^iUion  of  Ui?  carpal  Joint  of  the  pectoral  fhi,  which  fin,  in  these 
"  ^i^g  Bsli«»,"  projects  like  the  liitib  of  a  torrcf^tiial  ^uadi-uj>ed.  and 
presents  two  distinct  eegnienis  uleur  of  the  trunk. 

The  sliarlu,  whoso  form  of  body  and  atrength  of  tail  enable  them 
to  xiriR)  near  the  Giirfiwe  of  the  ocean,  are  ftmhrir  adapted  for  this 
8pfi«re  of  activity,  and  cooipCTisated  for  the  absence  of  an  air-bladder, 
by  the  largei'  proportional  size  and  Btrengtli  of  their  pectoral  Sns 
which  t«ke  a  greaier  ^bare  in  their  active  and  varied  evolutions  tlian 
tHey  e»n  do  in  linllnary  fislios. 

The  l^at-bodied  Kays,  equally  devoid  of  an  air-bladder,  and  with  a 
Imig  and  slender  tail  deprived  of  itc  ordinary  propelling  powers,  grovcd 
at  tJic  bottoni ;  but  haTo  a  still  grtater  development  of  the  bands, 
which  »urpatii  in  breadth  the  whole  trunk,  and  react  with  greater 
force  upon  it  in  raising  it  from  the  bottom,  by  virtue  of  a.  (Special 
DodiGcatiun  of  the  seupulur  arch,  which  is  directly  attached  to  the 
dorsal  vertelrce. 

Nor  is  the  pectoral  member  restricted  in  length  where  its  office 
in  Hibserviency  to  the  special  exigencies  of  the  fi"h,  demands  a  de- 
leUtpmejit  in  that  direction  :  the  lingers  of  the  E.a>cfftus  or  Daety- 
hptenu,  are  as  long,  and  the  web  which  ihuy  sustain  as  broad,  as 
in  the  expanded  wing  of  the  flying  mammal.  Everywhere,  whatever 
rem-rnblante  or  analofjy  we  may  pei-oeive  in  the  iohtliyic  modifications 
of  tlie  vertebrate  Bkeletun  to  the  lower  forms  in  the  embryos  of  tho 
higher  classes,  wo  shall  find  such  analogies  to  be  the  result  of  special 
adaptations  for  the  purpoM  or  function  for  which  that  part  of  the 
Otdi  t9  designed. 

Tho  ventral  fiiiB  or  homologucB*  of  the  hind  legs  are  still  more  rudi- 
Rientol — still  more  embryonic,  having  in  view  tlie  comparison  with 
tfao  >taj^  of  development  in  a  land  animal — than  the  peetoral  fins ; 
and  their  imall  propoilional  hito  reminds  the  homologiat  of  the  later 
appearance  of  the  hind-limbs  in  tho  development  of  the  land  Verte- 
bntu.  But  th«  hind-limbs  more  immediately  reliite  to  the  support 
and  progrea«OD  of  an  animal  on  dry  land  than  the  fore-limbs  :  tho 


•  Ihmoloiiuf.  iiiliTUiilM  llin  Miini;  iirgnii  in  ditrurent  iinitnalB  uii-Ier  evrpj  vn- 
rtMT  of  form  nnrl  f(iiictioii>  AwJ/t'^n^,  q  \mrt  or  or^n  hi  an  Biiiriinl  whiuli  bits 
the  Miue  function  si  iinathnr  part  nr  orj^n  in  n  iHlTerent  aniiniil. 
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l«g«  ■nj  thu  >&le  K-ri*striBl  loi-uiiKitiTe  orf^ans  in  birtU,  whoso  fiw*- 
limbs  KM  QxdiisiTcly  modified,  m  wiiif^fl.  Air  inetioti  in  uiotliftr  r\«- 
VMmU  Til*  Ifg*  Mv  the  sole  orffio  <jf  mippoK  nrvd  progreKJon  in 
Mail,  «li(MM  poetornl  mvnilMrti  or  nrnis  im  liticrat«i)  rrom  that  olfioi, 
and  undu  entirely  BubHprrieiU  to  the  Tan«<d  piirpocra  lo  whiirh  »a 
inrt-nlive  (tfi*Aty  and  an  int«Uijr««t  viti  woaU  apply  thoni .  T<>  w}M 
ptirpoKA,  tlirn,  cntniinbcr  a  erratum  alwayi  flMilinj;  in  a  in«di>im  of 
pearly  the  aamo  apeciGc  gratity  as  itaoU*,  with  hind-limbs  !  Thoj 
oould  be  «f  ito  uite  :  nay,  to  cnaturee  that  can  onty  attain  |]icir  prey, 
or  extapn  tbi'ir  en^iny,  by  vigorotu  alUrnntc  i>tri>V«i  of  ihtt  hind 
pan  of  ibo  trunk,  llie  aiiadim«it  there  of  long  flexible  llmbe  u-ouM 
be  a  grievoiiis  hii>d«raiici<.  a  rer^  motutronlly.  So,  thci^roro,  «# 
6iid  tli«  all-wiM  Civator  Lnx  rMtricted  thr  doTvlopmvnt  andoonneck 
liMM  ol'  the  hind-liinbi  of  Fislie*  to  tlio  dimensicna,  and  to  tb«  form, 
whldi,  wliiLst  ^uit^d  lo  tlie  limil^d  runcltons  they  are  capable  of  in 
tlii«  daw,  HDiiid  proTPiit  ihcir  intcrffring  with  I hn  action  of  mott 
inipartant  parta  of  the  loeomMivn  machinery. 

Ill  nioat  6ehefl  tli«  ventral  Giu  merely  oombine  wkb  the  poetom! 
linK  in  raiunf;,  and  in  preventing,  as  cratrig^eri,  the  rolling  of  the' 
body  ;  but  bome  v^ry  intrrMting  modi  Scat  ioiii  of  the  rcntral  fln.i  in 
relation  to  particular  habiiH  of  certain  specii>d,  may  be  noticed.  Inilw 
BlcnnioM,  thi?  t'orkeil  Hake  (Pfiyrrii),  the  Forked  bwrd  (ft^BiVrp*), 
and  soine  olhiT  fi^htTi,  thn  ventral  Iiiik  arc  reduced  to  Blnnumtary 
feelere.  In  the  Lump-Mieki-rB  (lOyrlnjitri-ii)),  the  ventnila  unite  to- 
gether, and  e«iubiiia  oitli  part  of  the  peotoralii  to  I'onn  a  sucking  dite 
or  organ  of  iidh(-4ik)n  below  the  head,  just  as  the  opercular  and  bran- 
chioslegal  Bus  nr>-  iinid'd  ingether  tn  form  the  gitl-coror.  In  tho 
long-bodied  and  miiull-livitded  abduniinal  MiW,  the  ventrals  are  situ- 
ated neni-  the  annf^,  where  4ljt-y  be^t  subnorve  the  office  of  accessory 
balftnocrc;  in  the  Inrg.-IieHdcil  chorncic  acid  j'lpilar  fisliea.  thetoo«e 
HUKpenMuTi  of  thtftie  fmx,  iind  ilirt  utincnci^  nf  any  connection  with  a 
sacral  part  of  the  verti-bral  column,  ptrmil^  thejr  tiaufference  for- 
wards to  aid  the  pveiAral  Sna  in  raising  the  hetid. 

'riw  following  -ilwrt  uceaunt  of  (ome  experinientx  upon  fisli,  made 
for  the  purpi>w  of  aseertaiiiing  the  m-n  of  their  fin«,  I  give  in  the 
words  of  their  gifted  di'srriber  Paley,  tu  whom  cumparatiTo  phyfiiology 
owes  mnny  biiautiful  acccssionii  lo  iln  trlimlniiiriil  nppticationa. 

'■  In  moat  flsb,  benide  the  great  fin — thi-  tail,  we  find  two  pair*  of 
fins  upon  the  stdo>,  two  singlo  fins  upon  the  baelc.  and  one  upon  tho 
belly,  or  rath'T  upon  ih^i  holly  snd  the  Init.  Tho  balancing  uw  of 
these  orgaiiK  is  proved  in  this  manner:  Of  th<7  large -lieadod  Biih,  if 
you  cut  off  the  poctoL'al  fiua,  thai  is,  the  pair  which  lie  close  behind 
dio  pectoral  gilU,  the  head  falls  prone  t^i  the  bottom ;  if  the  ri^ht 
pectoral  fin  only  be  cut  off,  the  fi»h  leans  to  that  side ;  if  tlic  ven- 
tral fiu  OH  the  tianie  side  be  cut  away,  thm  It  Iosck  its  ef]uilibrium 
entiiely ;  if  tlio  denial  and  anal  fins  be  cut  off,  ilie  fisli  rcoU  i»  the 
right  and  Irfl ;  when  the  liiih  dies  that  is,  when  the  fins  o^-ase  to 
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^Itiy,  the  bolljr  Iuiik  upvftrila.  The  ok  of  thn  aurtc  part*  tot  motion 
ii  K«D  i»  the  foU'iiviiig  ubHcrvatioii  upon  tli<Mu  wh«ii  put  into  actjun. 
The  pecioml,  and,  iiioro  padiuiilai'ly,  the  vciilriil  Bus,  i^rve  to  ruise 
koi  deprtus  tho  firih  :  wIkid  tho  li^ll  d<sires  to  Imve  a  recrogrndc 
motian,  «  strmke  fiirward  with  llie  pt-uwral  fin  t-U'eetuBltj'  produces 
it  i  If  the  fl«h  i1ofttrc&  to  torn  pithi?r  v/aj,  n  Mttglc  blow  with  the  tail 
Mnd»  it  rnunit  at  oiic« :  if  tUu  tail  utriko  both  wijs,  the  motion  pro- 
duced hy  th(!  lioubh;  ta^h  ib  progrei^nFe,  and  enaLh*H  thu  Gxh  lu  dart 
forw»nl  with  nu  aftoiiihhiiig  velodly.  The  ri-HuU  is  not  only  in  some 
cues  the  most  rapid,  but  In  all  ciaaes  the  most  gentle,  plisnt,  essj. 
uiimal  motion,  witli  whiuh  wc  ar«  acqitnintcd.  Howcvor,  when  the 
tad  i(  Cut  olT,  t)ie  fish  la^^ii  aU  motion,  uiid  it  givos  itself  up  to  wliei'o 
tke  water  impels  it-  The  rest  of  the  fine,  lliereforo,  so  far  as  I'ein'cla 
motion,  seeni.s  to  be  men.-ly  subsidiary  to  this.  In  their  mechanical 
ixttt,  the  anal  fin  iddj  be  reckoned  ttiu  keel ;  the  ventral  6tie.  out* 
rig^rg  ;  the  pectorul  {>"\  the  onn; ;  and  if  thoro  be  any  gimilitudo 
bttweon  the^e  parts  of  a  hont  and  a  fibh,  observe  that  it  is  not  the 
resemblunc^  of  imitation,  but  tho  Hkentsv  which  arises  from  applying 
nrntlw  mechaiiieul  means  to  tb»  name  purpose." — (sli.  p,  257.)* 
Oiven'it  Z,etJtur««  on  C'omp'traliue  AntUomy,  vol,  ii,,  p.  145. 


0«  the  Sma/l  Temporary  Glaciers  uf  the  VoKgts.   By  Edwakd 

Cot-LOMB.  '/ 

The  winter  of  1844-45,  which  has  been  romai-kable  for  the 
large  masseB  of  snow  which  the  west  wind  heaped  up  on  the 
slopes  of  Bomc  of  our  mountnins  (the  Vosges), — masses  some- 
timee  from  15  to  20  iiii^tivit  in  thickness, — gave  rise  to  small 
temporary  glaciers,  possessing  some  of  the  properties  of 
Iftrge  glaciers,  and,  among  others,  a  locomotive  movement. 
The  duration  of  these  glaciers  was  lunited  to  a  few  months ; 
by  the  end  of  July  and  beginning  of  August,  they  had  com- 
pletely disappeared.  Dnring  this  interval,  we  have  had  an 
opportunity  of  miiking  many  observations  in  reference  to  the 
tran.iformation  these  masses  undt^rtvent  between  the  winter 
ami  Kummcr. 

Tht;  lirstfact  that  strutik  us,  is  the  tendency  of  the  snow, 
when  in  a  large  mass,  to  form  itself  into  stratilied  layerit  dnr- 
ing  the  time  of  melting.    The  second  fact,  is  tlie  proper  tnoot- 


CoUomb  ON  Ihe 


merit  obserrable  in  all  the  tnasscfl  of  snow  which  still  exist 
un  our  mountaiuB  in  th«  spring  »nd  during  a  part  of  tbo 
Bummer. 

Tliia  tnoTement,  which  docs  not  proceed  from  iilii)inf;on 
an  inclined  plane,  btit  from  nn  erpaniivr.  motion  {twmremtni 
tttxpanMon)  nriBing  from  its  partial  convention  into  toe,  sn- 
fliinilates  these  oiahsob  to  true  glacion,  althoufi^h.  It  is  tnic, 
in  very  Mtnall  proportioni*. 

(>n  the  Cth  April  1845,  we  cxplur<H]  the  bottom  of  the 
v«llc5  of  WildenKt«in  (Haut-Rhin).  A  few  weeks  before,  a 
I>rftty  large  avalanche  Iiad  di^ta^lted  itself  from  the  Col  ilu 
Rothenbach,  and,  after  a  transit  of  about  lOOO  or  1200  me- 
tres, bud  accumulated  a  great  quantity  of  trees,  blocha,  clay, 
aand,  and  considerable  masses  of  snow  at  the  foot  of  tlio 
eotiimr. 

A  not«  relating  to  this  fact,  inserted  in  the  Comptes  Ren-fl 
dus  of  tJie  Institute,  ataten  the  following  particulars  : — 

"  At  tlie  pointH  wlivre  the  avalanche  bait  collected  the  anow  i 
in  a  great  mass,  and  when  the  rivulet  has  formed,  byHlfl 
melting,  pretty  distinct  sections,  we  have  studied,  with  ease, 
the  diffei-ent  stratiiications  of  the  anew,  the  passage  of  the 
snow  into  a^v€,  and  from  a6\6  into  ice,  sacb  as  MM.  Agas- 
»K  and  Desor  observed  in  the  high  regions  of  the  Alps.  In 
a  thicknenit  of  some  metres,  the  strata  iiucfi«ed  each  other  in 
the  following  order: — 

"  Minute  n^viS,  or  powdery  snow. 
Large-granular  n^ve. 
Ice  of  nfive. 
Veseicular  ice, 
Compact  ice,  resting  on  the  gi'ound- 

"  Before  the  snow  could  become  stratified  in  tbia  ninnnvr, 
it  must  have  been  subjected  to  many  atnioapherio  iiiflu«i>ceH 
since  its  accumulation  :  among  others,  a  moderate  heat  dur- 
ing the  day.  and  cold  night,  circumstances  which,  by  eauMing 
A  partial  melting,  have  allowed  the  mass  to  imbibe  water, 
and  then  lo  congeal. 

"  On  the  declivities  where  we  ob»er?ed  tliem,  the  maMteit 
of  n£v£  having  imbibed  water,  already  exhibited  a  motion  of 
their  own.     Of  this  we  satiHfiod  oursielvos,  by  an  attentive 


exiiminntton  of  tbe  dtfT^rent  obstflcl^H  which  opposed  the  de- 
!t('i!n<1iiiK  pi-u^reHti  of  the  ni5v^. 

"  This  melting  cau!>ed  by  the  heat  radiated  from  the  trimk 
of  a  tree,  ouglit  t'l  have  fonned  a  circle  concentric  to  the 
tree,  aft  is  <ns«n  on  a  plain ;  but  on  an  inclined  pluno,  the 
circle  produced  ik  not  concentric,  bnt  eccentric  ;  the  mov»' 
mcnt  iniprcMAcd  on  the  n^vi?  from  above,  makeit  it  ileMCODd 
till  It  toticli  the  trunk  ;  the  musa  and  lichenH  with  which  it 
is  Bonirtiinen  covered,  are  hruiMod  and  nibbed  on  this  ludv. 
while,  on  the  opponite  nurface  of  the  trunk,  thcxc  cryptogams 
have  preserved  all  the  deliciicy  of  tlieir  forms.  Wo  have  re- 
marked thiH  arningcmi^nt  of  the  eccentric  melting  of  the  tuiow 
around  many  hundrt-ds  of  trees.  Whether  the  gi-ound  be  ex- 
posed to  the  iioHh  or  south,  the  Hnme  thing  toliiis  place."* 

On  the  (bllowiiig  months  we  continued  our  examinations  at 
different  pointfl  of  the  Vusges  chain,  where  the  snow  was  still 
accumulated  in  sufheiently  large  qimntitiea  to  enable  us  to 
uarry  out  the  saint-  ohKLTvatinmi  A  »iecond  note,  inserted  in 
tlie  Compter  Hfiuiut  of  the  Inntitiite.  elves  the  folloiving 
details : — 

"  On  the  15th  of  June,  there  were  still  numerous  patches 
of  nnow  on  the  eastern  sides  of  the  Vomges,  frijm  the  Hotheii- 
bach  (1319  m.).  a*  far  an  Hohcneck  (136B  m.),  in  the  bottpni 
of  the  small  valley  of  Mnnstcr.  The' presence  of  snows  in 
thift  locality,  at  this  season  of  the  year.  In  explained  by  the 
maimer  in  which  they  have  been  driven  thither  in  wintor  by 
the  violent  west  winds.  These  winds  forced  them  to  accu- 
iniilat«  in  the  circuses  of  the  oppottite  sides,  which  separate 
the  culminating  points. 

■*  Some  of  these  patches  were  at  this  time  reduced  to  a  few 
ujuai-e  metres ;  the  largest  still  presented  a  surface  from 
400O  to  5000  stjuare  metres.  The  declivities  on  which  they 
lay  bad  a  great  incltniLtion,  a  mean  of  upwards  of  45  degrees ; 
they  were  true  precipices. 

"  Upon  examining  these  snows  attentively,  I  found  the 
tipper  part  formed  of  large  grains  of  n<^v^.  It  was  from  25 
U)  30  ceutimetres  thick,  offering  considerable  resistance,  and 

*  K(l.  (,'oltomb,  Iiottre  n  U.  U.  de  Itaiumont  ( UwipMi  Amdat,  t  uc,  p.  13U). 
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pretty  liftrd ;  the  foot  Btmk  rery  little  in  ((.  Immedisteh 
below,  a  layer  of  vkri  ice  wnnmcuMd,  which  became  harder 
aitd  lianler  the  fAi-therone  jienctratpd  Toi-n-Brvls  into  tho  mats 
By  ntiiking  with  the  poioi  uf  n  huaimer,  morsels  not  lor^r 
thuo  tJie  hand  wvre  diiiplAoed  ;  then  by  digginje  downwards. 
H  was  aA»-ri»inu(l,  fn)m  the  reBifltaiieo  olTeretl,  tiiat  tltiA  ice 
beome  quite  )i»rd. 

"  Thin  anow  was  therefore  otratified,  as  we  have  already 
Roeri,  ill  the  mouth  of  April;  only  the  powdery  hdow  of  the 
ntirface  had  disappeared,  and  then  ool.v  remained  succesiive 
bedaof 

"  Large  granular  nf  ve ; 
The  ice  of  ncvt ; 
Vehicular  ioe ; 
Oompaci  ice. 

The  thtokeat  part  of  these  maeses  was  atill,  in  the  monlli  of 
June,  fi-om  4  to  5  metres. 

"  The  pusBage  of  large  jE^rauulttr  neve  into  nevfc  ice  ia  eaaily 
obMorved;  the  tnuiaitioo  ia  sudden.  The  neT&  ia  formed  of 
grains  or  granular  concretions  aometimcH  many  millimetres 
in  diameter,  translucent,  brilliant,  and  moistened  with  water ; 
they  readily  become  agglntinated.  The  pi-essnre,  in  the 
hand,  of  the  neve  for  a  minute,  is  sufficient  to  convert  it  into 
ice, — this  D^v^  ice  being  nothing  else,  as  M.  diarpvntier  han 
already  i-emarked,  tbau  the  union  or  soldering  togetlier  of  a 
certain  number  of  these  grains  or  concretions, 

"  But  the  transition  of  the  Tescicular  ice  uito  compact  ice 
is  not  80  eaaily  discerned.  These  two  ^eciea  of  ice  paas  in- 
sensibly into  one  another. 

'*  On  the  ISth  of  June,  the  temperature  of  the  surrounding 
tkf,  at  2  o'clock  P.M.,  on  the  eastern  declivities  of  these  moun- 
tains, which  do  not  rise  above  1200  or  1300  metres  above 
the  level  of  the  aea,  rose  from  13  to  20  ccntigi'ade  degrees  in 
a  clear  day.  This  temperature  ought,  to  have  caused  a  rii]'>i<] 
melting,  followed  by  a  floiv  of  water  from  the  lower  part,  of 
theae  eloping  patches  of  neve.  On  the  day  in  queation,  how- 
ever no  water  was  discharged  ;  the  nrve,  no  doulit,  disap- 
peared, during  fine  weather,  only  hy  evaporation.  The  heat 
of  the  ground  does  not  assist  in  melting,  for  the  layer  of  ice 
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at  the  bottom  io  soUlered  it  tbc  grtinn  and  mosMs  on  which 
it  reflla.  On  the  [lai-ts  receotly  left  by  the  ice,  these  vege- 
tables appeal-  pressed  down  luid  flattened  in  the  direction  of 
the  declivity.  iiH  if  u  heavy  rolk'i'  hiul  pas.ted  over  them. 

"  What  particnhirly  distinguishes  these  old  snon-it  from 
such  as  exiitt  only  in  the  winter,  Js,  that  they  Bhare  in  Hie 
properties  of  the  Swiss  glaciers ;  they  pos.'*es«  a  locomotive 
nioremeot  which  tranafornis  them  into  true  glftcicrs,  although 
of  small  size.  This  movement  of  the  Qeve,  which  we  had 
fopinerly  i-ernarked  in  thp  month  of  April,  we  again  witnessed 
at  lloheneck  in  a  very  striking  manner.  When  tlie  small 
glacier  rests  upon  a  pointed  rock,  and  this  i-ock  forms  a  pro- 
montory, tJte  distance  between  the  rock  and  the  ncFc  some- 
time«  extends  to  upwards  of  a  metre  in  a  longitudinal  direc- 
tion ;  wlitlo.  in  the  lateral  sense,  the  neve  touches  the  rock, 
or  ift  distinct  {rom  it  on  a  few  centimetres.  This  disposition 
appears  wherever  any  obstacle  fixed  in  the  ground  arrests 
tlie  descending  progress  of  the  neve. 

"  The  large  glaciers  have  the  jiower  of  transporting  the 
matters  which  lie  on  their  sm-face.  and  forming  moraines ; 
uur  microscopic  glaciers  of  the  Vosges,  having  the  power  of 
motion,  likewise  carry  along  with  them  the  objects  which 
happen  to  be  on  their  surface-  The  only  difference  is.  that 
these  objects,  instead  of  being  blocks  of  1000  cube  metres, 
are  composed  of  small  fragments  of  a  few  square  miliimetries 
in  size.  The  locomotive  principle  is  the  same,  the  only  dif- 
ference being  in  ihe  size  of  the  masses. 

"  Accordingly,  on  the  surface  of  our  old  snows,  we  ob- 
served, on  the  I6th  of  June,  coloured  bands  of  a  deep  grey 
on  a  white  ground  ;  on  examining  these  close  at  hand,  they 
were  found  to  be  composed  of  exceedingly  minute  debrJBi 
earth  and  sand,  accompanied  by  the  vegetable  detritiw  which 
follow  tJie  movement  of  the  mass  of  neve,  and  form  a  ribbon 
of  a  muddy  hue,  turning  round  the  rocks,  and  following  their 
>innusities  to  the  distance  of  many  metres. 

"  This  ribbon  indicates  a  moraine  in  infinitesimal  propoiN 
lions:  its  breadth  varied  according  to  the  position  of  the 
BiMses  of  n<-vi''.  the  medium  being  from  6  to  8  centimetres. 
Bach  mass  of  snow  of  any  dimensions,  that  is  to  say,  of  at 
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leMl  100O  Miiiarc  m^trCN.  wii8  provided  with  ono.  Thai 
whii'h  I  examined  most  pMrliculnrly  ikt  Hotionvck,  vnw  toratvi 
of  debrin  ol' earth  and  rock,  dvtuclivil  from  an  nhru|>t  prujer- 
tion ;  they  hiwl  rolled  on  tlic  nrvi'.  nnd  t>c«ii  carrivl  to  itiv 
distance  of  nome  metres.  MKumin^  nn  olongntcd  form,  una- 
logons  to  t3iat  of  Xnefte  moraines. 

*■  It  is  oany  to  climb  tip  thctte  xnowH,  even  when  the  plan** 
are  inclined  iipwiu-di*  of  4!)  degrcoH  :  t]>eir  snrfnvc  ix  unoqml. 
a)t  if  formw)  of  smnll  wiiv<>ii.  Otv  hollow  part  of  which  Kerw* 
AS  a  aiippnrt,  or  tlie  step  of  a  ladder  lo  tix  the  feet. 

'*  If  weexaminealongrludinal  section  in  one  of  these  small 
glaciers,  weohfleiTe  that  tho  upper  part  t«ninuateN  in  a  nar- 
row point,  and  of  a  cavernous  form  ;  tlie  cavity  which  sepa- 
rateB  the  otve  from  the  gi-oand.  is  everywhere  upwards  of » 
metro  in  height  b\>  5  or  6  in  depth,  in  the  direction  of  the  de- 
clivity :  while  tJic  lower  part,  on  the  contrary,  is  hcapod  upon 
itself  in  the  form  of  a  sack.     This  arrangement  is  general : 
it  uriNVH,  no  doiitits  from  tlic  motion  of  the  nvvi;  which  nn- 
turally  causes  it  to  accumulate  in  this  direction.   What  leads 
me  to  this  belief  in,  that,  in  the  mont^is  of  Pebniary  awl 
March,  a  few  weeks  after  the  fall  of  thctto  snows,  when  they 
were  newly  heaped  up  hy  Hie  wind,  in  drclen  similar  to  thoso 
of  Hohvnvck,  before  the  movement  began  to  take  places  tb 
melting  and  evaporation  not  yet  being  Kitflicient  to  pr«>du' 
that  eflect,  the  section  of  the  masses  was  of  an  opposite  form. 
The  gi*eate8t  thickness  of  the  snow  was  always  found,  at  this 
season  of  the  year,  in  the  tipijer  [lart. 

"  This  tohil  ehanirc  in  the  whole  form  of  these  masses, 
produced  in  the  interval  between  winter  and  nummer,  indt 
cates  more  than  a  natural  tax^ement :  it  evidently  implies 
movement  in  the  interior  of  the  mass."* 

About  tlie  same  period,  tlie  snows  accumulated  on  the  d 
clivities  of  Dnimont  (1208  m.),  towards  the  oontre-fort,  whirl 
separates  the  valley  of  Schliffels  from  that  of  Urb^s.  had  ae 
quired  sucii  a  motion,  that  they  br<jikc  down  a  gi-eat  number 
of  trees,  especially  yonng  beeches;  otlier  trees,  of  a  morp 
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^pHSnt  naiure,  were  curved  iwid  bont  to  the  eiirtli  by  tho  strong 
pwsiMii'C  of  Uie  niassea  of  ai-vc  tVom  above.  Tht?  Eitm>nge8t 
tree*  had  reaUted ;  but  t)ie  marks  loft  on  tho  bark  enabled 
118  to  trace  tlie  line  to  which  Uio  friction  of  the  snow  ex- 
tended. 

This  mot  erne  nt,— this  pressure — caiined  by  the  snow,  does 
not  vxint  ia  winter. 

The  trunks  of  trees  are  nob  iionipresned  and  broken :  but, 
when  the  season,  by  becoming  warmer,  causes  a  partial  mult- 
injf  of  the  SHOW,  penetrates  it  with  water,  and  changes  it  into 
neve  and  ice.  In  sucli  eases,  tho  movement  exists  evei-j-- 
where,  as  well  on  gentle  slopes,  where  the  inclination  does  not 
exceed  6°  or  7°,  as  on  inclined  planes  of  45°.  If  tliis  mav«- 
ment  were  caused  by  sliding,  it  would  be  mnch  more  rapid 
on  a  steep  declivity  than  upon  an  almost,  horizontal  plane. 

We  continaed  tlicse  obMcrvations  a  little  later.  On  June 
22d.  1846,  on  the  ballon  of  Servancen,  there  were  still  five  or 
six  patches  of  snow  on  the  nortliern  s1o]ik  of  this  mountain 
(ll2t>  m.)-  Tile  largest  of  these  patches  covered  a  surface 
of  about  a  hectare,  \vith  a  very  nteep  declivity.  Tho  How  of 
water  from  tlii.S  mass  was  very  small  ;  although  much  i-ain 
had  tiillen  the  preceding  night,  the  water  that  escaped  waa 
evidently  nut  in  proportion  ivitb  tliut  which  such  a  tjuantity 
of  snow  ought  to  produce  in  the  ^tatt-  of  temperature  which 
then  prevailed.  These  small  glaciers  act  like  a  largo  sponge, 
absorbing  tlie  water,  retaining  it,  and  sulldil'ying  a  portion 
of  it- 

The  movement  of  the  miMs  was  evidently  indicated,  as  at 
Ilohcneck,  by  it$  hmgitudlnnl  distiauce  from  the  rock,  and  its 
likttirul  appi-oach  to  tt.. 

This  year  (1846),  it  was  my  intention  to  continue  expe> 
rimentit  on  these  small  glaciers  with  tlie  greatest  care,  to 
meaanro  their  movements  accurately,  and  to  calculate  the 
losa  of  their  surl'ai^e  in  a  given  time ;  but  having  failed  in  ac- 
eutnplishitig  this,  I  must  eoiitiue  myself  to  a  few  ubservatiunn 
on  tlieir  stratification.  In  the  months  of  January  and  Feb- 
rtiarj',  scarcely  any  snoiv  fell.  By  the  6tb  of  March,  the  or- 
dinary season  of  deep  snow,  we  traversed  the  summitM  of  the 
V'(wgeB  along  with  MM.  Agassiz,  Desor,  and  IXiIU'uk,  wiiJi- 
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out  meeting  witli  Urge  mnwiett,  ex««i)t  on  tlii>  suathem  slopes 
of  the  RotlicuUncli :  itntl  »l  \A\\»  Mvuon  of  thi-  year  the  mnvr- 
meitt  wftM  not  [>erix-|)1ihU-.  At  the  tutmp  time,  the  bo<l)(  of 
KDow  were  Mtratifici],  iitti)  hail  jmu^mmI  into  the  Rtat«  of  nbit; 
but  Wiv  p»rt  of  nrvc  renting  itnmciliatcly  on  the  f^onnd,  h^d 
not  been  convertod  into  Ice.  The  alt«mntionH  of  hent  and 
GoM  werv  not  sufficiently  gnui  in  tliv  month  of  March  to 
produco  th«  cireuinHtancex  fsvourable  for  converting  tlie  b- 
ftirior  npve  into  ioe.  There  were  thin  Uyern  of  ice  i^t«^ 
powed,  hut  t)iey  diil  not  touch  the  srountl.  Tlic  Meet^ons  we 
ntBdein  tkeniniM(]>r(>K4int«dthefolh>wiRgsueoi.t»Hivo  iHyers: — 

Neve. 

^^H  Neve. 

^^^V  Xeve. 

^^^r  Ground. 

The  Uycr  of  ice  lying  Iwtween  the  nevt  wm  very  compiu-t 
ami  eoRipre«8ed  itlmoHt  like  plnt«-j;la»!>.  from  5  to  10  mm.  in 
thichnoHS.    This  layer  no  doiiht  oorrenpondi*  t»  the  time  of  •  _ 
fn,ll  of  snow  followed  by  verKlft».   I  neeonnt  for  thi»  phenome-  ■ 
non  in  the  following  way:   An  exceaaively  thin  HUporficial 
layer  of  eloai"  ioe  being  formed,  a  new  fall  of  snow  took  place, 
then  this  snow  partly  melted  in  order  to  be  transformed  into  ^ 
ncvc;  but  during  thiit  operation,  tlie  verglaa  did  not  act  aa  a] 
filter,  but,  on  the  contrary,  arrested  the  watem  of  infiltration ; ' 
the  latter  beciime  frdzcn,  and  foi-med  a  layer  of  icw  from  5  to 
10  mm.  in  tliieknesH.      May  we  nut  find  in  thin  the  origin  of 
the  blue  and  white  vains  of  the  large  glaciers,  respecting ' 
which  HO  much  discuseion  has  taken  place  \ 

Two  months  later,  on  the  10th  May.  the  Drunmnt  still  re- 
tained, near  iti^  summit.  iLsei-icsuf  spots  of  snow,  some  metres 
in  thickness,  k-aning  against  a  slope  of  30  or  'Ah  degrees. 
These  snows  were  in  motion.  The  tact  was  evident :  Uioy  had 
pressed  strongly  against  the  trunks  of  the  ti'ees  that  stood 
in  their  way-  The  stiiitiH cation  of  these  snows  was  in  a 
very  advanced  state,  the  part  resting  on  the  ground  being 
completely  Inuisl'ormed  into  ice.  By  cutting  Bections  in  tJiin  ' 
miiait.  tJic  folbiwiiif'r'  licds  were  noticed  : — 
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N^v6  ice. 
Vescicular  k'l^- 

At  oUiftr  place*,  the  vems  of  mirror  ice  which  we  hud  rv- 
tiMirkwi  on  Uic  Rothonbach,  two  monthN  befoi-e.  still  existed. 
The  Ittyrre  were  Ihfiri  found  to  succeed  each  other  in  the 
following  ordei-  :— 

Neve, 

"S^flin  of  mirror  iue, 
tikvk  ice, 
Veacicular  ice. 

The  vesctcular  ice,  reHting  oh  a  turfy  soil,  wao  covered  on 
)U  lower  part  with  long  jifroovfi*  and  strife,  which  eorro- 
Bponded  to  dry  stallcH  of  !;■'"<*>*  which  it  had  compreBned  and 
cvricd  ftlong  with  it,  thus  receiviug  the  impreBnioij  of  them. 
Mauy  of  t)ie»e  stAlkti  still  adhered  to  the  ice.  At  sonic  plncea 
Uiis  vescicular  ice  had  passed  into  the  compact  state. 

These  masses  of  n6vc  were  all— at  diffwcnt  degree*  of 
depth — at  a  temperature  of  0  cent. 

The  surrouoding  air,  in  the  shade  at  mid-day,  under  a 
rloudleftti  sky,  was  that  day  about  +  IS-I  degrees. 

The  teiDpemturc  of  the  ground,  at  the  depth  of  10  centi- 
metres, even  under  the  masses  of  n^ve,  wan  some  degrees 
above  zero.  Howevor,  the  ground  itself,  the  turf  was  not 
wet  with  the  ice,  but  only  slightly  humid,  atmoat  dry.  Ujr 
tJie  24tli  of  May  all  these  masses  had  di8ai>peAred. 

In  all  the  masHcB  of  neve  in  motimi  which  I  examined 
among  the  VoBges  in  1845  and  1846,  1  never  observed  that 
the  slope  of  the  ground  watt  of  much  importance  in  the  phe- 
nomenon ;  but,  a»  I  made  no  direct  experiments  on  this  sub- 
ject, it  is  only  by  way  of  approximation  that  I  judge  of  the 
fact.  1  may  remark,  however,  tJiat  in  the  forests  situato 
between  the  Valley  of  XJrhes  and  that  of  SchliffeU.  where  the 
declivities  are  small,  the  movement  of  the  small  glaciers  has 
committed  great  ravages  last  year  ;  it  has  brokon  and  bruised 
a  great  number  of  trees ;  tic  movement  was  as  decided  there 
as  on  the  slopes  of  45  degrees  on  the  eastern  side  of  Hohe- 
neck,     I  often  visit«d  our  summitii  in  the  midst  of  winter, 
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and  I  novttr  haw  luiy  motion  in  the  snow  at  that  seaadn,  what- 
ever ntij^l  b«  lb«  degree  of  tncUnaCioQ  in  the  slopes. 

Fbenomena  iKCuliar  to  great  gladera,  snob  a»  creraMw, 
IaMm.  and  nved)c-1ik<:  [iroininenc««.  &a.,  are  aot  hereob- 
Mrved ;  bttt  it  ia  not  a  little  ronariiable,  that  our  small 
model  glacicTfi  |N>«ac<ia  one  of  the  ntoAt  characteriatic  proper- 
tifi  ol'  thvM  miMitiMi  of  ii:«,  oamel^  niotiuD.* 


Memoir  on  lh»  Hour*  f4>und  in  the  Strati/ted  Orattit  in  Ike  w- 
eimlff  of  MaltegntH,  Camion  of  iieneta.  By  PtwfcSdor  F.  J- 
PlCTBT. 


Some  ycaro  iig«.  w«  were  inftn^cd  by  M.  Fazy,  coun- 
aetlor  of  St^ilv,  iheo  Mayor  of  the  c^mmitnity  of  Mcyrin.  that 
num«ruti)i  lioneH  had  been  found  iti  dig;ging  a  gravel  ijuam' 
iienr  MAtt4>gtiin.  The  importance  of  fmail  organic  remains, 
in  ordvr  to  dct^-rmitic  the  relative  age  of  formationa,  is  no 
^rroat,  that  wi'  immetliately  took  means  to  hnvc  all  tliftxc  bonca 
carefully  collected.    M.  Fazy  himK«lf  superintended  the  worl 
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*  Tbr  furl  of  (he  tniufkirniati'm  oT  WW  of  «Mw  Into  tee  and  ip(o  fouill 
tmnporarj  gUeivr*.  hu  Ilk*wlM  b*«n  nli»>r>*il  knnnic  the  Al|it.  I  finil,  in  th« 
AuflAfn  At  (>■  .Stf»i(<  0S*fc^iK.  vhloh  gl>'«  itn  »ccoiinl  of  ih«  t'ltnurdliurj 
nicotinjt  ul  Avallon.a  lutcaf  tlist.'anoiHtkll.ciintiitniiiK  ver;  loMMSiUiig  obMi^ 
1  ullunii  on  Iho  (rrnlJp  pbonamaocin  <rf  the  Vnlky  of  Aeat«.  TW»  Bute  ranlaiM 
\\n  rolloirinK  psnt^mph  on  (hn  kiilij^rl  whi<h  now  mcuiiIm  our  kttcnllon. 

"  Wllb  ni)t*ril  to  ihu  rock*  taanA  i>n  Uin  jiuujpt  of  tlw  •valanelicii.  Ihair  pr»- 
Miit  n  •urfiwi-  TBthur  rublwl  tlitn  pollihn)  by  the  friction  or  folIiiiiMi  of  wood 
anil  iicbblo.  or  (louat  otrriod  ulanK  lij  tlw  bu^a  iuo.iiH4  of  mow  :  I  itsimuw 
knj  arria.  I  hnvn  imiil  Uit  pajmyt ,  tut  thp  nwk*fuiiiiil  in  th4  buttuin  when  the 
•tvnUncbo  l>  nFroMoil.  may  bn  poliihvil  and  atriatoil.  alnce  tbo  ii<kluicb«,  >)i*a 
It  U  vnry  rimiiiilvrnlilo.  nnil  liuil>  n  long  tltDe  without  m?lling,  aHumeitlie  <h»- 
raoMF  •>/  u  HHnJI  (nii^unrry  gUi'irf.  Wu  iibfitiif  !n  it  almoit  tha  hubc  rBVoto- 
iHoM  I  tbri  4IIUW  livvnmrH  Icp,  it  pruBonlf  vuriuiu  'nulla  at  Itabiue,  itunHhoel* 
rrmuHtul.  ii:.  Thii  I  iiiivw  rvnuirkvrl  Iliia  yi'iir  at  Pn-Hiiliti.|>!diur.  at  Ih* 
•mloiirlip  r^"  t^hnmpci.  which  (uinmilly  Jwifpni)»  ffoni  a  latlcj  on  tbo  niirlk- 
wo«l  nf  Mnidii  (irnmninnl.  iml  whlcb,  nt  thn  "nd  of  Ihr  iiiniith  "f  pluly.  *•» 
•lill.  judjj^ng  ■■;  111?  rvD.  abnut  It  motiti  nlinrt  tho  Hmund."  —  AuUMtH  di  . 

ittiftlii  (iiolt^itii.  ltd  ScriOH,  vol.  iU,  v ■  I***- 


Ien7  sod,  thanks  to  his  onliglitcncd  care,  otir  museum  18  how 
|io»6e98ed  of  a  considernble  collection. 

The  first  point  to  establish  was  their  geological  position." 


him  nn  tlia  rojiositorj  of  thcic  fnaili.  and  Ihc  imlurc  of  lbs  ){F>iel>  wbicb  con- 
Uin  lihi>iii. 

A'ofe  on  Ihf  yraveU  etmtainiiiff  Ike  /oeiit  bonet. 
At  Knc  tigbt.  th»  gnivrb  In  nhtch  tiioDc  bancs  occur,  might  Diipcar  lo  belong 
lo  the  lover  atagc  nf  the  dJluvmii  fiiruintEtm  ikfl^iinf^vm  \  but  u  mctrn  careHil  «x- 
■mlnaUun  of  the  neigh Wurliooil  of  tbo  hDalll^t  of  Maltcgniji.  sheWB  Chut  tile 
^•*b  io  ijueation  form  [lart  of  Ibo  ujipnr  tlu^H  of  tiiti  fiirmnlion.  The  fol- 
loirlajt  l(  ihe  appsikmiM  proaentrd  by  a  Bcrtlun  of  th«  gr»vrl  qokvry  of  ilat- 
fvnliii  gwn^  from  the  u|i|ter  part  dowaward*. 
U>,  Otio  or  two  feet  of  vpgplable  uBrth, 

Sit,  SAiidy  day.  tomilag  n  pnitt  wUIi  wiit«r,  namod  larrt  d  yfii,  ttrre  blaneht 
or  yJaf>^  by  the  pon«ir)U>.  wbu  iiiti.'  it  for  building,  Itoontnlns  it  pretty  consi- 
lOraU*  qumiUly  of  rollud  pubbluv.  (omo  of  wliicU  lifJuiig  to  Ibe  i-ryalaliited  foi- 
milloni  of  the  AlpB.  (Uch  ns  gmnltca,  protoginea.  t|uBrti.  cryitulUne  )lat<'a. 
ttr,,  nnil  others  couBtat  of  llmfatonDd.  ia  g^nantl  uf  a  deep  ealnitr.  The  latter 
■ra  ffcquenllj  ilrintccl  or  myecl  on  the  iUrfuee.  h  hi<h  mnkea  them  regomblo  (he 
NekB  polJBboil  by  glnripre,  Thtti  bed  is  vflrinldo  in  thiclioees:  In  thr  quarry  it 
■loM  not  oacccd  IH  ioclice,  labile,  ut  a  few  hunctrod  metres  from  that  placo.  nonr 
M«jriD>  the  peamnts  nlRrm  thnt  it  Is  10  fout. 

3<f.  UrBinl  or  btlan,  mate  or  Uu  tODOCooui,  nccording  to  tba  {poster  or  lefc 
quantity  of  at»1neEittc  cumrmr,  wliich  foblvr*  the  pebbles  to  cjich  other.  Then 
psbbk*  Tnry  gruatlv.  bui  ilicy  ore  not  etrlnled  on  the  aurfaec.  We  iioticw  every- 
where beds  of  aimJ,  '■^ry  ii"iii'ly  hiiri»Fjiilrtl,  whiijh  OlvlJo  this  maaa  of  gmvel  in 
a  mora  nr  less  reguliir  niunncr.  in  Lho  upper  pai-ta,  th«fiu  griivula  aro  of  fscru- 
^noiu  tinu ;  it  !h  In  Ihl)  bed  tbiit  thn  tinoM  ar«  fbund.  Thiclcnoia  ft'oni  10 
U>  12  feet. 

1>^.  Coiirte  clay,  rviiinritulily  tennciuus,  fbrming  a  puetc  with  water,  mingleil 
» lib  a  groal  quantity  of  diir«i'enl  lilnde  uf  pebbles.  Thu  enlciirooiiK  pebbles  uv 
Htrintvil.  AKhuiigli  ri'ilillsb,  lhi»  lieil  \a  often  culled  ii'Ai'Ic  rm-lh  by  the  peiuann. 
Thleknoas  not  wW'iialiiod. 

Thii  gnrel  iiniilainlDg  the  bonei,  Clierefore,  rests  upon  tui  argiUacaauE  eanb 
ronlalning  striated  pebblei.  Thia,  as  I  have  monlioneil  eliewheru  (IJantidsro- 
liOBi  ■jioUi'ri'iwr  ittr  k  mimt  Sniive  et  mr  Ut  Icrrnim-ltt  miiw-uirj  rlc  Gcnriic.  IStS, 
p-  T  t^  Is  oac  of  thL*  principal  churaetera  of  the  cntuel^btio  diluv  iuu  fottiiatlon. 
This  (rravcL  then,  formi  part  of  thin  foriuutiuii,  ut  I  uudorlalic  to  prove,  [□ 
IravcrK^n^  tho  aTivirnui^  "f  MHtI<]gnin,  we  m-ty  conviiire  tiur>«i.-lvn  that  it  it  u 
local  deposit  much  less  cilcnded  than  the  aiieieni  oJluvlon  wliich  it  rciomblw, 
anil,  in  iu  geologlcitl  |ifli<llion.  lOry  lllie  the  •leiioelts  of  sand  at  Kr[intt<D«x,  Slic> 
UgDOU,  (-urtlgoy.  tc,  cited  by  M.  Ifeehir,  (^ircfn  0evtnfi>fan  ilaiti  let  Alftt, 
i.  34S.  Sfi».  kt.) 

With  rrjgwrrf  w  the  narhnt  alluvion  which  miWnA*  WntnMjC^^  Aofti).  vVs 
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It  wns  of  imporUnco  to  know  wli«ther  ihey  had  been  <it^tf 
Mitcd  At  Uiv  MiniR  tiiito  M  the  graTels,  or  whether  the}'  were 
liurincl  1)T  (toniu  later  and  mor*  special  cause.  DiBooveries 
fiiiiiliu-  III  thoHe  of  tJiese  ramaiiis  made  in  diSereut  part§  of 
our  Canton,  had,  in  faeX,  ufU'n  remained  unnotJccd,  b«coiiM 
Wwy  were  conceived  to  be  thv  result,  of  events  tlltof^tbcr 
mod  em. 

M.  Keeker,  in  particniar,  in  liis  Eltule*  (itotogi^tKt  tur  In 
AijKt  (t.  i.,  ]>.  2C2j,  speaks  of  the  Iwiieaof  oxen  found  in  sand 
near  Chauc}-.  Tfaia  nkilful  geologiiit  is  disposed  to  Uiinic 
that  tliey  owe  tlieir  origin  to  this,  that  "  in  times,  no  doubt 
witJiin  tlie  liiiiiia  of  history,  but  very  remote,  to  judge  by  the 
condition  of  ttie  bonua.  and  on  the  occasion  of  some  great 
tliseaae  among  cattle,  entire  herds  of  l&rge  cattle  had  been 
buried  in  these  sands^'* 

But  this  explanation  cannot  apply  to  tlie  bones  of  Matteg- 
ni».  I  have,  at  different  timeit,  visited  the  quarry  where  tJicy 
ore  found,  and  have  myitelf  t^ikcn  nut  tniiny  skvletonit.  I  havu 
constantly  found  tlicm  at  a  (U-jith  >>t',  at  K-nst.  sewn  or  t«o 
feet  below  the  part  of  the  soil  influenced  by  cultiTatioD,  and 
under  beds  of  gravel  very  distinctly  and  regularly  stratified. 
I  have  never  seen  the  direction  and  continuity  of  the  beds  in 
the  least  degi-ee  altered  above  these  organic  remains. 

It  must,  moreover,  be  remarked,  that  the  whole  plain  of 
Matt«gnin  is  covered  willi  diluvian  gravels,  and  that  then 
are  neitlier  great  umlulatioits,  sections,  nor  water-ci>urH«i 
which  might  derange  tlie  superposition  of  tlie  beds.  The 
gravels  which  enelose  the  bones  are  composed  of  small  stone*, 
more  or  leaa  flattened,  disposed  in  very  obvious  strata,  alter-, 
nating  with  very  fine  sand.  It  is  likewise  evident,  that  the: 
gravels,  situate  60  metres  above  the  lake,  and  70  meti' 
above  that  part  nf  the  Rhone  which  is  nearest  Meyrin,  r« 
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bottom  nf  tliis  valley  of  (Jrnevii,  »ii1ii>ul  «v<.r  rlning  «lh»r  h^Shk  Ihe  Jul*  or 
Ilia  Alp*,  psrliafn  wp  lolght  rcguni  it  ns  belonging  to  cba  Qppcr  (srlbT;  for. 
■nation,  uid  m  baitift  iri)nt«nii>nniii*au>  with  the  uipiiiiit  Itrrai*  of  Bnumr.  ile- 
HcrtbDil  by  I*Ili(!  A<!  Roauiiiimt.  J  oiaki?  Ukl»  luppoHltlon.  but  with  mucti  iloubl, 
fur  the  ckuracUiv  which  are  drnWD  Utna  ths  I'DnipiuUlou  ot  IhU  furiimttuli,  unit 
thi>  |,i'ir»'n-^«  ■>r  ■  •ninll  r|UHnlity  of  Itgntiv,  itr*  niA,  I  mnlW.  luSlotcnlly  da 
•■UM  alb^Uin  W  umViwUf.  U. 
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mote  from  all  strcnniM  of  water  of  any  consequence,  cannot 
hnve  been  deposited  by  a  special  acctdc^nt,  and  tliat  they  owe 
their  orijarin  to  the  general  cause  whicli  deposited  the  nllavial 
foi-nifttton  of  the  bawu  of  th«  lake  of  Geneva, 

1  think,  therefore,  that  we  may  oonsider  it  as  a  fact,  that 
the  nniraaU  whose  skeletons  are  found  there,  have  lived  in 
nur  valley  during  tlie  period  immediately  preceding  the  de- 
position of  this  diluvian  formation. 

I  shall  afternariJs  shew  that  all  the«e  animals  belong  to 
d^  same  species  as  those  whicli  now  live  in  tliese  same 
PPIintries  From  this  circumstance,  the  diecovery  of  those 
hones  may  appear  of  little  interest,  and  it  may  perhaps  seem, 
it  first  glance,  that  little  instniction  can  be  derived  from  the 
(tudy  of  them.  I  shall  endeavour,  on  the  contrary,  to  shew 
that  this  fact,  apparently  unimportant,  is,  in  reality,  oon- 
ni'ttted  with  one  of  the  most  essential  laws  of  palu-ontolog}'. 
And  tnay  inlluence  the  solution  of  the  moot  delicate  (jtiestiimti. 
Bui  I  must  previously  prove  this  identity  of  species;  and  I 
liave  devoted,  to  this  comparison,  the  time  and  attention 
vhich  this  essential  point  seemed  to  merit,  and  which  will 
fcrm  a  foundation  fop  the  reflections  which  ehall  terminate 
this  memoir. 

[The  original  memoii-  here  enters  into  details  respecting 
these  various  bones,  and  the  list  of  the  speeies  discovered. 
These  gravels  contain  a  Sorex  aratu^us,  the  mole,  martin,  polc- 
i:at,  weasel,  the  fox,  a  rat  (probably  referable  to  the  Mas  hu- 
cagattor,  Ptct.,  and  which  seems  to  prove  that  this  species  had 
[iTfceded  man  in  our  eoimtricH,  and  hiwl  not  been  imported  by 
means  of  maritime  coinraei'ce,  like  the  common  black  and 
hrowQ  rat«).  the  field  mouse,  domestic  mouse,  Sehermaut, 
Arvi^ola  tubierratteuv,  tlic  common  eanipagnol,  a  pig,  an  ox, 
the  chnmvis,  a  vheep  or  a  goat,  a  pasMerine  bird,  the  common 
load,  the  green  frog,  and  green  lizard.] 
The  comparison  of  the  fossil  bones  of  our  grarels  with  the 
letons  of  living  species,  a«  well  ch  .analogous  facts,  which 
b«  collected  even  to  the  present  time,  pi-ove,  in  my  opin- 
ioiif  witli  complete  evidence,  that  the  animals  which  peopled 
\vn\r  valley  before  the  diluvian  formations  ivcre  deposited,  are. 
u/j(!n/  witii  tho  /jrcsently  existing  s\iecWs.    'V\vv&  «v«vA'a,- 
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Dion  IB  conlinnGd  by  the  examination  of  fifteen  8{>ecie8  0f  nuim- 
niifera,  and  three  of  reptile.i.  We  may,  tii  my  opinion,  <i™w 
from  this  the  following  ooiiM&tjutnioett. 

I  c*n  here  lind,  in  the  first  pla«e,  a  pi-oof  of  tlie  law  of  the 
permaHence  of  tpecies.  Among  tile  principal  argitmentii  «B 
which  this  iro)>oiiant  principle  rests,  that  most  fpe<inenlly  in- 
sisted upon  is  the  comparison  of  the  animala  preserved  in  the 
ancient  sculptures  of  Egj'jit  with  the  vxisting  sjniciea.  When 
we  perceive  that  the  lapse  of  four  thousand  ycai-»  has  pro- 
duced no  iiiodifieation  of  form,  not  even  the  slightest,  on  tlie 
KkeletODft  of  crocodiles,  ibises,  cats,  ichneuinona,  itc,  wcnw 
antliorieed  tci  deduce  from  the  fact  the  general  law  that  tbe 
■specicK  invuriahly  pi-iiserve  their  characters.  The  bones  pri'- 
»ervi*d  ill  our  jjravels  are  wndouhteilly  still  more  ancient 
than  tliose  of  Kgypt,  and,  therefore,  furnish  a  more  poaitiw 
pi-oof  of  this.  But  what  more  particularly  gives  tlicw  » 
greater  degree  of  interest,  is  what  has  been  often  alleged, 
namely,  that,  while  we  admit  the  permanence  of  Hpeciesin 
the  present,  stutc  of  the  glolic,  wt-  niiiy  likewise  allow  that, 
at  peritjds  of  great  geological  changes,  more  active  forecsi, 
nnd  more  intense  atmospheric  alterations,  may  have  caused 
more  important  mod iti cations  in  organism.  The  fossil  apc- 
ciea  of  our  diluvian  deposits  have  assisted  at  one  of  these  geo- 
logical changes ;  they  have  inhabltetl  our  valley  before  th« 
deposition  of  the  gravels,  and  yet  tUey  have  continued  un- 
changed until  our  own  day.  Do  we  not  thus  oblain,  at  least, 
it  presumption,  that  it  is  the  same  in  such  case^  in  general : 
and  may  we  not  draw  from  this  an  argument  in  favour  of  the 
much  more  probable  opinion,  that  great  gc^ologieal  evem 
have  killed  and  destroyed  the  species,  but  could  not  prod 
any  modification  in  their  forms  \ 

I  believe,  in  the  second  place,  that  we  may  find  in  thesi 
facts,  a  proof  that  our  dilnvian  deposits  are  more  recent  Uiau 
those  of  the  greater  part  oi  Europe,   The  bones  which  I  ha^| 
examined,  belong,  as  I  have  stated,  to  the  diluviao  form^^ 
tions  of  our  vulley,  and,  yet  all  the  species  to  which  they  pan 
be  i-efeiTed  are  still  alive.     Now,  tlie  greater  part  of  t]^| 
European  diluvian  deposits  encloiH'  the  bones  of  elephanto, 
rhinoceroses,  and  "(her  species  now  e.xtinct.     Such  is  lik« 
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wise  tbo  cue  with  the  cavc»,  in  wbtch  ocunr  bvara  and  Inrge 
feline  atiimaU  helon^ng  to  ]<rat  Hpecies.     From  this,  it  ap- 
pears to  mc  i»n)lmble.  tUtit  th«  gravels  of  the  greater  part  of 
Europe  li»vc  been  ilepoeited,  and  the  eavei-ns  been  tilled  with 
the  mtnarkable  bone»  which  characterise  them,  at  a  period 
nnteriur  to  tUiil  whin  vw  later  arcnaceoHB  deposits  were 
rorined  ;  and  that,  consequently,  the  soil  of  our  valley  is  the 
produco  of  a  geolof^ipal  event  of  a  eomparatlTely  recent  ilate. 
I  finnlly  draw,  from  the  study  of  these  bones,  a  third  conelu- 
Bion.  which  ie  tbc  confirmation  of  an  opinion  I  bave  t«tat«d 
elsewbore  (Traili  Himentaire  tte  PaltoHioio^ie.)    I  am  of  opin- 
ion, tlukt  the  era  denignatod  by  geologists  the  diluvian  epoch, 
tiugiit  not  to  be  distinguished  fi-om  the  modern  epoch,  for  I 
Ihink  it  can  be  demonstrated  that  there  ai-e  no  changes  of 
ftuna  between  them,  which  changes  are  ho  remarkable  in  re- 
gard to  the  anterior  epochs.    It  appears  to  me  that  tbc  gi'catep 
part  of  the  species  of  the  dilnvian  epoch  still  live  in  our  own 
dky.     I  do  not  admit  that  any  have  been  created  at  tho  com- 
incement  only  of  the  modem  epoch.     1  think  that  the  di- 
ian  deposits  of  Eui-ope  have  been  formed  by  a  series  of 
ial  occiirreDcea,  which  have  not  internipted,  in  a  general 
the  life  and  organiza,tion  on  tbo  anrfiice  of  the  earth, 
but  which  have  been  limited  to  the  dcsti-uction  of  iv  few  spe- 
cies. 

le  corroboration  of  this  manner  of  viewing  tho  ease,  de- 
on  a  lengthened  chain  of  fuots,  of  which  those  I  men- 
lion  hvre  form  only  a  link,  and  for  which  I  refer  to  geologi- 
eal  tj'i^atises.  My  principal  arguments  are,  in  fact,  drawn 
from  tbc  study  of  the  fossil  animals  of  the  e])ocb  named  dilu- 
vian.  Tho  cnves  and  gravel  deposits  of  Europe,  contain 
iniiDy  Hkelctuns  of  maniniifera  which  cannot  be  distinguished 
from  the  actual  species,  and  a  very  small  number  of  lost  ape- 
des.  Almost  all  the  animals  now  inhabiting  our  countries 
httvo  already  existed  nt  this  epoch.  The  wolf,  the  fox,  tbo 
oiole.  badger,  &c.,  Ac,  of  cavenis,  are  identlcJil  with  those 
now  alive.  The  fossils  of  the  Gcncvese  gravels  apjjear  to  me 
to  furnish  a  new  proof  of  this,  lor  the  identity  of  tbu  specica 
is.  in  this  case.  t;till  more  marked,  and  shews  a  period  of 
tnuisitiun  beiirccii  the  age  of  the  auVma\ft  vH  c&nwu*  raifti 
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oiutlern  times.  No  od«,  I  tliink,  ontorUliift  tlic  ide»  O^H 
minatiDg  the  diluvian  epuch  iiumetliatcly  after  ttu;  Jupotutiou 
of  tho  mini  of  cavernA,  and  to  pliu:«  th»t  of  the  f^rels  of 
Switzerland  in  the  moderQ  «j>oi;li.  Tlte  only  tntnnii.  tluire- 
fore,  of  making  these  factA  agree,  is  to  unite,  m  I  have  will, 
the  diluvian  epocli  to  the  modern. 

U  must,  literefoi-e.  be  adimttea),  tltnt  immediately  nfterUio 
iMt  ttrtiary  depoeits,  the  modern  epoeli  eorameneed ;  ud 
thai,  at  thi'  be^^nningoflhi-H  epoch, all  tl)eaiiimiil.t  which  atfi 
inhiihit  Eui-ope  were  created,  and  alau  certain  other  itputiM, 
such  UB  the  large  carnirora  of  the  cavea,  some  kindn  of  ant»- 
lopeit.  &c.  InmidationB,  more  or  lesa  general,  prob«bty  (in- 
duced in  part  bv  the  last  elevation  of  tJie  Alpn,  have  covered 
many  ixutx  of  Eui'ope  at  different  times.  The  oldeet  art 
thoae  which  have  filled  the  caverns  ;  after  tbem,  come  tiuae 
that  have  dopoaited  the  ^rarcls  of  Frant'e,  and  the  most  m,> 
dem  are  stieh  iu<  have  formed  the  gavels  of  our  couutriM. 
These  inundutiona,  and  perhaps  other  causes,  have  caused 
wme  spoeies  to  disappear,  as  we  notice  some  becoming  ex- 
tjnct  in  the  present  day  (such  as  the  aurochs,  &q.)  The 
greatest  number  have  survived,  and  foru)  the  prenently  ei- 
iFting  European  fauna. 

This  mode  of  viewing  tlie  question  appoam  to  me  quite     ' 
simple  and  natural.     Ai  the  ^ame  time,  I  can  perceive  tJial 
objections  may  he  made  to  it;  :ind  of  these  I  foresee  twO|j 
which  1  may  answer  bofoi-ehand.  fl 

The  first  relates  to  Man.  The  union  of  the  diluvian  and 
modern  epoch.t  sceius  tu  agree  ill  with  hit  lat<'  np]>carance. 
and  with  tlio  fact  that  his  bones  are  not  fmind  in  the  cavern 
epoch.  I  have  already  noticed  this  objection  in  my  Treatise 
on  Pala; ontology,  and  iiiiled  ittteiitioL  ti>  the  fact  that  I  here 
apeak  of  the  dibivinn  epoch  only  in  i-elation  to  E«ro[K-,  and 
that  it  is  necessary  to  distinguish  (he  creation  of  man  from 
his  late  appearance  in  tliis  eouiitry.  I  believe  that  the  hu- 
man species  lian  not  been  a  witnetkH  of  any  of  the  great 
i^uropeau  iiiundatiuna,  and  tliat  it  has  not  n|>[ieared  tlicro 
till  after  tlie  deposit  of  the  gravels.  But  there  ii*  nothing  to 
indicate  that  man  did  not,  at  that  c])oph,  inhabit  the  Asiotji 
Continent,  which  all  agree  in  regarding  as  his  cnulle. 
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tbirtk  that  Euro|)enn  jtroology  i«  not  caIIvcI  upon  to  o<Mupy  hei^ 
self  witli  ttip  crt-alioii  of  num.  ftud  that,  in  our  ignorance  of 
tile  manner  of  whnt  took  plnco  in  Asia,  there  is  my  argument 
to  be  adduced  af^nst  the  idea  which  I  have  now  brought 
forward. 

It  may  be  objticted,  in  tliu  second  place,  that  the  European 
fauna  wouhl  have  l>i,*<'n  too  ahnmlant,  if  vrc.  add  to  the  exist- 
ing apeciea  Uioot;  which  the  difTcreiit  diluvian  inundations 
have  destroyed.  I  have  already  said,  that  these  latter  were 
by  no  means  numerous  ;  and  if  we  compare  the  existing 
fauna  of  Europe  with  that  of  Aaia  and  America,  wc  will  lind 
it  inlinttvly  poorer  in  mammifera.  ^^at  may  have  been 
created  at  tJie  commencement  of  the  diluvian  epoch  would 
ittill  leave  it  inferior  to  tlii-m  in  this  point  of  view. 

Thcfte  ubjeetionH  do  not  appear  to  mi;  to  sliake  th«  opinuHi 
which  1  here  advance,  and  I  think  that  we  may  consider  it 
OM  very  pn>babIo  that  the  different  diluvian  formations  en- 
close Ik  series  of  faiiuas  ditfertng  little  from  each  other,  a  eir- 
cuniKtoneo  which  proves  that  the  diluvian  and  modern  opochii 
liAve  been  In  no  way  separated  by  an  event  eoniparablo  to 
tho(t«  revolutions  of  the  globe  which,  at  dilierent  times,  have 
extinguished  existing  species,  in  order  to  replace  them  by 
othem  wholly  different. — ,  Bilitiolkt^ue  Umverteile  de  Oenivt, 
N.  7,  ^uyu«l  184t>.) 


On  OrouHdlce.     Uy  Mr  RlcHAKO  Adib,  Liverpool.     Com- 
municated by  the  Author.*         i  k". 

Id  the  pmsnt  commutiication,  '\i  is  my  wish  to  attempt  toacooiuit 
for  grounil-ico,  without  the  intorvoiition  of  uny  hypathoiis  which  at- 
tribatoi  tlie  ice  found  in  the  beds  of  strMom  tu  a  prMWKK  of  forma- 
tton  in  sitH. 

An  attempt  of  n  similar  kind  has  ah-etuly  bcon  made.  Mr  Knight, 
in  lli«  description  of  ground  ice,  sajB  that  «pioulie  wei'u  flouting  in 
nlllioiu  in  the  Mreain,  ami  that  on  the  foces  of  stones  opposed  to  the 
current,  where  it.  «ti«  only  of  moderate  strength,  thes»  xpiciila;  ar- 
emmutattd.  "Vho  Itirv.  Mr  Es-^aile.  in  a  inoat  valuablo  papor  printed 
in  tlie  17th  ruluine  of  this  Journal,  p.  Idl.  qirotos  Mr  Kiiight'c  de- 
scription as  almost  amotintii^  to  demonstntiou  of  a  theory  ho  pro- 
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pCMti,  rii.,  tbu  particlea  at  hoKr-lWxA,  or  rrox«ii  <i»w, 
toe-cold  MTMUDt  g«t  agglatinatoil  («  rgelu  or  obsUclvn  in  the  M  nf 
it :  uid  thuM  form  ft  nudeuH  for  that  itrango  accumulation  oiled 
gruLiiid'ioi',  wliieh  w  ro^ind  nawbore  but  in  running  Ntreaniti. 

Mr  Esdaile's  ezpUnatton  »top«  nhort  nftur  Ibrnui^  n  nudoiu  te 
tli«  groutul-iiw,  viibont  inforaiing  n»  irbetlier  there  in  uij  send 
growth  of  icu  uindar  tlie  surfAoe  of  the  water.  Now,  if  ie»  la  tip- 
poMd  to  K<^"  tlirouffb  tbo  froeiing  of  untiT  about  tbo  ubbunrd 
nuct<niM,  incn  it  woula  be  t]i<-  Inwx  wbieli  pruduw  iIuh  inorvaav  tlui 
would  doniontitntv  tlie  tbci-Tj  •>(  tlic  forniatidn  of  ground-ic«.  But 
U  I  believe  tbnl  evidence  «n  be  found  tn  shoir  ihikt  in  Uii*  climaU 
thar*  i»  no  Ibrniutiun  ul'  inu  under  ninntug  «ftior,  aod  Uuxt  if  io«<ni 
HO  formed,  it  would  be  clear  aiid  hard;  while  ibe  raal  aocumolnuiflu  l| 
of  wlV  j{TOund-ico  which  are  itomedmcf  mvt  nitb,  a,t<-  no  <jlhor  tlun 
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particles  of  lev  niixvil  up  with  icecold  water,  ajid  submerged,  in  tli< 


Mtnie  way  (hat  mrtli  anil  aaiid  ore  aospeiided  daring  dood«  in  iti 
whole  of  tho  wator  ni  a  rirer.  Tho  only  dillbrenoo  ik,  tbac  tliu  >ii' 
pcrior  power  uf  odLi^iiiuii  auioug  miauw  parliulca  of  wei  ice,  ea&blM 
ihuui  Ul  uhumu  a  ponitiuu  uf  rc-puDo  for  (Jto  liine  bcingi  wbich  if  nn- 
iiatuml,  or  an  invcraion  of  hjdrottatic  laws,  while  tbe  rcpone  of  tbe 
uarthy  particles  i*  in  ub(<dicnoc  to  tlioKc  law.i ;  and  further,  tliU  * 
large  portion  of  the  niatcrtala  of  the  ao-oalled  ground-i«e  is  formtd 
ai  (hi  ei^ei  of  itreama.  from  wheiioo,  in  tavourablo  loouHlios,  it  dnpt 
into  too  water  and  is  carried  duwn. 

M)  IViuni]  Mr  Jamu"  ElUut  junior,  Hnwick.,  baa  from  lime  to  tinic 
been  iti  the  habit  of  -lending  me  descripliutis  of  ground-ice  in  llif 
river  Teviot.     Tn  1841,  on  I7Ui  November,  hnwriU:*  lie  naw  it  i« 
abundance,  and  that  itjwni  ran:  to  find  it.  lo  oarly.     Hia  di.<3Cri]itiani 
ooiifinu  in  a  singular  nianni'r  Mr  Knigbt'e  observations  as  lo  raillioiu 
of  floating  ftpiculfc ;  al.u>  ax  to  their  acciiniulating  inusi  un  tlie  nidet 
of  KtunoB  opposed  to  tlii^  current.     Mr  Iillii>t  luts  uften  noticed  ibu 
whore  tlio  bed  is  covered  with  slimy  matter.  chleHy  composed  of  llw 
con fervoi ilea:,  ihera  the  ground-ico  i*  In  t'nr  tho  lurgcat  ijuanfiti«: 
and  in  a  fuw  cu«c$  he  found  it  beneath  a  niifaue  ice  covering.     In 
tlie  ueurse  uf  elii«  curruspundence  wu  had  ul'tcn  diseuMtons  as  to  the 
rolativo  mei'itk  of  iho  ditfercnt  iheurio*  offerod  fur  tlic  ijsplnnaliuu 
of  the  pheDonienon  ;  wlii:irL<  Mr  Eltiut  cvi'taiiily  took  the  lead  iii  re- 
jecting the  rec;eived  viewti,"  when  Ids  own  observations  and  remarks 
had  gone  far  to  give  probability  to  an  entangling  bypothe*i»  mooting 
all  ttiu  facta  of  the  caw.      1  had  often  oeoasion  to  urgv  ilie  examina- 
tion uf  tliis  tliciory,  l'rui;i  n  lirm  coiiviution  that  it  would  end  in  being 
cvtablished,  aUhoitgh  I  was  at  tbe  time  unjicqiiaintud  ii-ith  Mr  Knight 
or  Mr  EHdalle's  writingM.     Sineu  t)u-n  1  hav>;  had  oppoi'tunitiea  of 
making  nonie  observationti,  an  account  of  which  I  now  bog  to  olfer, 

In  .fanuary  1S43,   I  oxaminod  aoine  ice  formations  on 

*  It  1*  t>i  M.  .^tix|{a  lad  lie  t'iLr>|ulwniju'ii  hhhIwi  at  acoouMlng 
tra  Iha*  nltuiiioii  U  hor*  madi^. 
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latwl  HitU,  notii'  Edioburgh,  which  come  scrictl;  under  thg  term 
ground-tuii.  AlUiuugli  they  re\oXe  xi  ice  iu  very  different  ciraum- 
stanoee  from  what  wi-  fim!  in  streams,  jet  they  bear  on  ilie  ijueatioH 
or  nuclei  for  the  crystAlii.  After  a  showery  day,  the  fcky  before  raid- 
nigllt  dearud.  tind  a  thnrp  frost  eitddenty  set  in  ;  nest  dny  tlioro 
were  pools  of  water  on  the  roads  oov«red  ivith  cakes  of  ioe  J  of  an 
ioch  thick.  On  the  oidoii  of  ttie  bills  whure  the  r^iin'Wuicr  hud  been 
alowly  Mxing  down,  in  the  sheep-patlis  nnd  places  a.  little  bftr«  of  re- 
gtttfttion,  I  observed  inuumenible  im^piUiirB  rtsing,  closely  uotu- 
pMtcd  in  bods,  to  heights  vncying  from  J  to  2^  inches  ;  the  sides  of 
these  pilUrs  were  white  and  striated,  very  much  resembling  the  seo- 

Ki  of  tile  broken  cskkeH  of  sal  amiiioniuc  of  cuiDiuerci?,  only  not  M 
I  iu  texture ;  they  :>ll  carried  i-:i.pitnls,  composed  uhieUy  of  frag- 
ts  of  feCone,  but  pii-ues  of  earth  or  heath,  or  in  fact  anything  tlitit 
oould  be  ruinud,  was  elevated  on  those  pillars.  One  (mall  bed  of  them 
was  crosstd  near  the  middle  of  the  pillars  with  two  parallel  bands  of 
wuw grains  of  sacdi  which  appeared  to  me  to  sliew  that  their  growth 
look  place  from  the  ground,  and  that  the  band;^  might  be  accounted  foi 
by  aomo  brief  meteorological  change,  uhouking  twice  tho  formation 
of  t!l<!  ieo.  The  capitaU  appeared  to  be  uaeful  for  the  fir*t  nlftl't  of 
the  pillara,  for  there  wore  none  without  them ;  but  It  is  a  gradual 
rogulAtoil  supply  of  water  which  has  the  most  ossential  part  to  por- 
fbrm  ;  for  whore  there  is  too  niuch  water  the  stones  are  frt>xun  fasti 
dowu  and  do  not  rise.  Theau  ice-fornsations  are,  I  find,  familiar  to 
ttioeo  who  have  walked  <jii  hilly  undi'aincd  ground,  durJJig  frcKits.  On 
VOKting  over  to  tho  south  side  of  the  hill,  the  sun  suddenly  emerged 
from  behind  a  douJ,  when  it  was  interesting  to  observe  the  rapid  de* 
capitation  of  the  iue-pillan  which  immediately  commenced.  Tho 
poftiouN  of  Koil  and  plants  which  here  served  to  begin  a  process  so 
active  in  ice-making,  aru  never  awanting  in  pools  or  running  sti'oauis, 
wbcro  they  may  be  oxpuoted  to  be  efficient  in  forming  scales  or  spi- 
cule. The  ovtrhaiiging  banliH  of  many  mountain  torrents  may  aUo 
cA«ii  offer  favourable  places  fur  suft  ice  su  formed  dropping  into  the 
Btriiam.  When  the  thickness  of  solid  ico-cakes  is  compared  with  the 
lenglli  of  the  pillart^,  the  rapidity  of  tlui  latter  in  forming  ice  is  ap- 
parent. 

Iu  the  vicinity  of  the  village  of  Altcai',  12  miles  nort))  of  Livorpool, 
there  is  a  stream  locally  Lnown  by  the  name  of  tliu  Alumr  Brook,  a 
tributary  of  the  river  Alt,  well  adapted  for  examining  grouiid-ieo  iu 
running  waters  of  low  velocity.  The  brook  drains  a  flat  open  dis- 
trict adjutning  the  Irish  iiiea  ;  the  ground  is  intersected  by  uuniorous 
upun  ditdtes  holding  large  quantities  of  water,  coloured  by  pout  of  a 
dark  brown  hue.  Tho  velocity  of  tlie  current  in  the  brook  fur  two 
abort  distances  noar  its  titrminntion  is  from  2  to  3  miles  per  hour, 
(lowing  Mnoothly  along  in  a  nmd  or  sand  bottom  witli  email  eddies. 
PIsnta  occupy  the  bed  in  patches :  these  in  the  winter  eeation  are  all 
corered  with  water  to  a  depth  of  from  ft  to  12  inches.  The  upper 
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portion  of  tlut  utreiun  ui  m  wido  »low  flowing  ditch,  m  niitoh  exfoitd 
to  the  cUmentA  u  tbu  nurfMc  of  (bu  kdJMunt  Hft.  In  tbe  Meooi 
week  of  Dvcentber  1846,  I  fouixl  abuodkaee  of  gronod'lod,  on  tU 
tbtrd  d»jr  of  ■  mo(lent«  fro«t,  asastad  b;  a  r«rf  drj  wind.  Tk 
t«mp«r«luro  lii  Uui  Htnam  wu  32^  exactly ;  tlir  lur  in  Kun  and  wiiid 
35".  wt  bulb  32^.  Tlie  io«  conaiatod  of  thin  tnD8p»r>.-iit  ncaluH,  lodged 
ia  Urge  quanticieB  among  the  plants;  some  of  Umuq  plante,  attached 
to  th«  bottom  \>j  thin  tlundar  ntvmii,  u  tbojr  waved  and  turnvd  about 
in  tlui  eunvni,  bod  gatlitir«J  s[ili«rieal  uawM  of  looottljr  Mm[tact«d 
KkIm  of  io«,  man;  of  tlio  spberes  being  6  incbos  benoath  tbe  aur- 
laOO  ;  when  lliu  vtain  which  norvcd  M  ti)u->r  (licm  wan  broken,  tlwj 
tDnmudiaiul}'  rose  to  tho  mtiwit  aJid  lliratvd  alitng :  Ibis  procett  «f 
brtiJling  tli«  moorings  «a<  going  on  ii}>oiitan«ou*Ijr  to  a  eonsidfnhit 
vztent.  In  tbe  last  week  of  December  1  agun  visited  thislocdltj. 
after  a  nharp  frost  of  only  24  buurt'  duration ;  before  mtd-day  larp 
moMoe  of  loosely  compaclod  ioo,  contposed  of  Humorous  jmilui  am 
thill  kurfAOO-lbrmed  pieces  were  floating  down  ;  and  in  tbe  place 
where  the  ground-ice  was  before  found,  th»»c  masses  stretched  oter 
the  whole  Ktreaiii,  Iwre  17  feet  wide,  cboVtng  it ;  so  that  the  ue* 
arrivals  of  frv^h  ninMea  brought  down  by  the  current,  doacended  with 
the  water  tind  paiAvd  underneath,  riKing  to  tli«  surface  after  tlw  bor- 
Her  WW  cleared.  1  waa  anxious  xa  examine  tbe  plants  near  lliii 
place,  but  tlie  deplii  and  dnrk  colour  of  the  water  rendered  it  itn- 
pOKiible  to  «ee  any  uf  tbcm.  Farllier  u[i  the  stream  there  waa ground- 
ice  in  a  few  favourable  ploccw.  Temperature  of  wuler  Z2-^ ;  air  in 
Kun  and  wind  35';  wnt  bulb  31-5^;  mud  of  bed  of  titrCAm  34'- 
Beforo  3  p.u.  most  of  the  floating  iiiiuKeK  of  ice  bad  paxicd  down,  and 
thft  Durfnce  of  ihc  Alre.\m  became  n-marlcably  open,  th«  ohoktid  port 
WAS  cluur  fur  half  itit  width,  and  I  was  Kiiq)riipd  to  find,  that  on  tbu 
plants  where  s  lillle  before  ]  had  seen  tlie  largeiit  pui-Liun  of  ground- 
ice  there  was  now  none.  Shortly  after  thrve  o'cliick,  the  sun  bo- 
coming  obscured  by  a  horizon  cloud,  and  the  wind  dying  quite  aH-ay, 
tbe  temperature  of  the  air  sunk  rapidly  to  25'5',  where  it  was  not 
Btationory  Id'.  I  suppose  tliis  severe  cold  caaeed  a  thin  retl  of  cloul 
on  tbe  ground,  which  checked  nidlntion,  fur  the  thermometer  rose  te 
near  30  ,  and  cunlinued  steady  so  leng  as  day  light  sufficed  te  nod 

it. 

On  examining  some  of  tho  ic>?  fitbrd  up  from  tbe  bed  of  tbe 
stream,  I  fuund  it  composed  of  ciustw*  of  scoles  frown  together  n 
if  radiating  froni  a  ventre;  searching  tbe  banks,  I  found  mastot  of 
similar  alustera  which  appeared  to  have  been  formed  in  the  fulluv- 
iiig  manner.  From  lule  ruins  tbe  watt^r  stood  high;  st  the  beginning 
ef  the  frost,  a  pellicle  of  ice  was  formed  along  tlie  edges  adhering  to, 
them.  In  so  Hal  a  district  the  froA  appears  rapidly  to  dirainl&li  the 
supply  of  water,  end  tho  surfaco  of  the  stream  had  gradunlly  loworod, 
leavii^  tlio  pellicle  altaelied  to  tbe  hankt  with  an  intt^rreniiig  ^met 
filled  up  with  clusters  of  soalo* ;  thin  prooeui  appeared  to  he  as  effi' 
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ilmt  Tor  we-R>aking  ta  the  Bomewhat  irii»ilar  one  deteribed  &>  seen 
on  Uio  PimUiuid  Hills.  Tliexe  masses  on  t\ti>  bAiiks,  no  doubt  Msicted 
bjr  tti«  puwi-r  of  •  bright  Bun,  broke  ojf  and  fell  into  the  xtnioni, 
Hbeni  uie}>  formed  a  part  of  the  Hoatiiig  ice  seeu  |)a8sing  down  :  beiug 
lootal}-  coinjMuiEed  wgellier,  ilioy  had  often  coneiderablo  thicknoss. 
At  tho  iiuie  it  appeared  to  nie  tLat,  as  these  pasaed  down  ilicy  bad 
famished  rrofii  tlieir  iindor  surfaces,  tho  ground-ice  founi)  anKing  tho 
pUnU;  Mid  when  ihvy  enasnl  (o  pai.i,  the  ground-ice-  ijuiokly  diup. 
puared. 

Tho  froft  slackened  a  littlo  nuxt  Any  without  thawing  n  rhin  co- 

tering  of  hoar-frost  in  Hhaded  pkuH.     The  Gu<x'eeding  night  was  a 

moderUe  froKt ;  and  within  forty-eight  hours  from   the  time  I   had 

)  wen  tha  Ktream  choked  with  soft  niasHe«  of  floating- ico,  I  reviKJted 

it.  when  there  waa  little  lloating,  and  iio  ground-ice ;  Although  in  the 

.  i>taLgnant  watcnt  the  ici>  coating  lind  increased,  bH  the  mgting  watora 

1  bid  ol«»[«d  tJieiniiolvoN.      Teniperaturea,  water  of  etreani  33  ,   mud 

,  uf  bed  at  tlie  auri'ncp  'Ah',  6  inches  dopp  37".  air  with  n  bitter  frozen 

fog  30*." 

The  quantities  ofsoaieK  of  ice  found  on  the  banks  of  a  stream,  in 
niftny  placos  ready  te  drop  in,  through  a  wvpre  night's  frost  follow- 
ing a  period  of  wut  weather,  is  a  faot  wl-U  worth;  of  attention.  To 
nie  it  at  once  accounts  for  the  great  masses  oi'  soft  ico,  Mr  Ksdaile 
dosi.-ribc!!i  an  coming  from  far  up  the  country  to  Perth,  Lining  n  cha- 
rM:l»ri.itiu  of  tJio  communnpmpnt  of  a  sevore  frost  in  the  river  Tay, 
This  Soating-ice  he  also  desuribeu  aa  true  gronnd-ice:  but  I  believe 
it  would  bo  more  correct  to  hold  that  it  ia  one  of  the  sources  from 
which  this  kind  of  ico  is  dorirod.  For  other  supplies  of  ice — crys- 
IbIi  to  strtAma,  there  is  the  same  nuclei  which  oxiiit  in  stagnant 
pools  ;  also  tho  drid  by  the  wind  of  Know  or  hoar- frost,  and  tlie  ice- 
pillara  I  have  already  noticed. 

Tho  CTOund-ice  1  bsre  seen  Iisa  bi'en  described  as  con^inting  of 
thin  souett.  Many  of  the  published  accounts  n^present  tha  texture 
M  tptcnln  tike  the  couiponout  purtii  of  anuw  ;  and  this  is  gencnlly  Mr 
EIJwc'n  modu^  of  chnrnctcrising  it  Ibr  the  Terioi.  The  velocity  of  th« 
eurreut  of  the  Htruaui  probably  regulates  these  diflerence^ ;  wlUle, 
freni  tbo  obRM-rationn  above  given,  changes  in  the  same  loc&tity  may 
be  expected  from  the  kind  of  weather  whioh  has  immediately  pre- 
etded  tho  time  of  the  gruund-ice.  Dr  Davy's  r  description  for  the 
lake  dcAtrict,  *tatos  the  iue  to  bo  line-grained,  but  he  has  noticed  so- 
lid iee  in  cako»,  and  on  a  few  stones,  under  water,  these  are  quite 
nceeptione  to  the  general  forni  of  ground-ice,  and  may  admit  of  ex- 
planation through  ibe  force  of  the  current  transporting  thom  from 
the  plaee  of  their  formation  at  the  Kurfue. 


*  l)urlaj[{  thi*  Uyfij,  I  rMnkfirkf.i^  ihnt  n  rhi^rnoiafitrr  bulb  vnrnitfil  by  the  1i»hd 
■nd  then  ftpmiKl,   gnt  niiioh  nuaniT  coati^'l  with  IcD,  Ihun  whnn  eijHHwl  Mild 
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If  wa  no*  auppoco  thu  M>mo  toowo  imull  p!ce«s  of  !co  han  got 
enUogW  in  the  plnnu  in  tlio  bi<(l  of  a  KtrcMD,  and  ftrouiKl  thcM  m 
I  nueleus  nnur  cuDtiiiut<d  tu  freiie,  wlukt  thould  be  Uie  texture  of 
sucfa  ice? 

1  bar«  obccrred  in  npid  parte  of  loall  atmnia,  where  stout  ft'tgi 
of  deoayed  Uawtborii  uiidi  tJi«  ourronli  di»r  nodales  of  soM  ice  ut 
i>n«n  round ;  whilo,  wh«n  an  olutir  willow  brand)  biDchM  tbo  mUt, 
it  oalli.-(;ti>  n  luuu  of  wliite  ioe,  ihrotigli  it«  eoniinuol  plunging  wd 
rialug.  ^^'  hcti  n  thiu  tided  vessel  of  water  is  tuspeiidod  in  a  fnelf 
atuiMphcro,  icu  Hr*l  form*  on  tlia  iiurraui.'.  and  tbvn  utrotokea  tn  idM«tJi 
of  t-lear  liard  ice  down  tbft  tklea,  uod  if  iLe  veecel  is  Ittrge  the  K» 
forms  a  cnod«l  of  it*  interior  surface-  Whtn  tho  upper  tartax*  tl 
ibo  samo  voKitel  la  tbiclciy  eovered  orcr  widt  a  good  noii-oundactcr  d 
heat,  then  bard  soHd  ice  U  formed  under  water  on  tbe  tbin  expoMd 
put;  again,  witb  iho  tamo  nrrang<mient*,  if  the  bottom  bo  mide 
porouH  a  coiiMdarobltt  nuua  of  boltvoi  ice  b  then  obtatoed^  which,  in 
B«ei7  cuio  1  h&ro  tried,  was  solid.  If  tho  vesiel  b«  imtucned  iiti 
fnet'mg  mixture  of  vnlt  and  i.nciw,  hanl  wbite  ice  U  produced  with 
unboiUd  water,  and  ivitli  wuter  well  freed  from  air,  bard  opalcMMt 
it*  due  to  a  Bno  gmiiied  crystal,  vrilb  tlio  portianv,  froxon  after  tli» 
eeveritjr  of  tbe  cold  liad  relaxed,  very  tranaparvut.  v\U  these  fMU 
tend  to  proTo  that  ice  formed  in  the  bed  of  a  stream  whe«v  no  lir 
rondiM,  and  wliere  the  rate  uf  freezing  can  ncivur  bo  r%pid,  should 
be  aolid  like  the  nodules  un  unyielding  quoIui  at  rapida  on  the  ■uF' 
face,  or  like  llie  ice  funned  iii  the  bolCon)  of  a  porous  reseel. 

In  examining  thi*  i^uet'tion,  tho  rnont  diHIciilt  jmrt  to  dctonniuet 
U  the  freezing  togetlier  uf  scales  after  tliuy  have  been  entangled  in 
the  bed  of  tho  stream.     Had  the  weatlier.nt  the  time  I  found  froian 
dusters  of  scales  on  the  plnntx,  at  nil  fnvoumd  the  iioppu«itioD  tbtt 
they  bad  fruzcn  togullier  under  water,  1  would  have  returned  fllltd 
with  doubts  and  hesitations  as  to  tho  tfutli  of  tlia  ontangliDg  hjpo- 
thoeii!,  but  the  previous  weather  rendered  this  impostiible.     The  ei* 
planation  I  have  given  of  the  aubuiur;i;ence  of  these  dusters  will,  1     ' 
believe,  be  found  to  lio!d  good  for  other  locnlitJw;  when  tho  general    1 
exploiiatiun  of  the  plienonienou  of  ground-ice   for  the  climate  cf    ; 
(ireat  liritaiu.  will   beeuuie  simply  this: — That  it  it  all,   tithtr 
fortnr-d  on,  or  ihrQwn  in  on,  the  »urfatf,  and  made  to  u*vtu>M  <u> 
tinnattiral  position  ii/  tlie  mcckanioal  action  of  tA<  eurrtut,  ' 

Oh  thu  quettion — h  ihefe  identify  between  tht  Species  of  tie 
Secondaiy  and  Tertiary  Formations,  and  thote  Mwgiitg  /<t  ^ 
the  Exitting  Generations  f  ^H 

MV  rendily  leam,  by  comparing  the  anoient  generation^ 
vfith  those  that  are  contemporai^  with  ourselves,  that  tliey 
hiive  notliing  in  common  witb  regard  to  their  specific  type,  , 
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nltbouf[1i  it  ia  not  always  thtia  witli  tJie  generic  type.  But 
in  order  to  comprehend  the  whole  value  of  these  differences, 
it  is  ncccBMiry  to  enter  into  some  details  on  this  point. 

The  fireuler  part  of  the  wpeeics  of  geological  times  differ 
inor<-  or  less  from  the  existing  generatJonB,  and  cannot  be 
'confounded  with  tbem.  In  the  opinion  of  many  palieuntolo- 
gtstA,  among  whom  it  is  sufiicient  to  name  MM,  AgiiMHizand 
Besha^es,  there  is  perhaps  no  species  identieal  hetweon  these 
two  crciitionB.  MM.  F.  J.  Plctet  and  D'Orbigny  have  also 
adopted  the  same  opinion  in  their  pal x on tfi logical  writings. 

Although  the  general  diversity  of  the  beings  of  the  ancient 
generations  from  those  that  compose  the  new,  is  not  alto- 
gether demonstrated,  it  appears  at  all  events  bo  much  tJte 
more  striking,  as  wc  compare  species  belonging  to  the  moat 
(^posit«  ages.  It  is  particularly  among  the  species  of 
lh«  most  remot«  times,  that  the  dissimilarity  to  the  living 
mccs  is  most  conspicuous.  Tliiit  these  generations  have 
fewer  point))  of  analogy  is  probably  owing  to  this,  that  there 
is  little  parity  between  the  climatcric  circumstances  and  ex- 
terior media  to  whose  influence  they  were  subjerted- 
^■Accordingly.  organic  species  present  similar  charnctrrM 
'Sly  where  the  cliraateric  conditions  (compn-hending  in  thcwi 
conditions  influences  of  every  kind,  which  exert  some  action 
on  their  life)  arc  nearly  the  sanie.  Wc  can  thence  conceive 
wlty  wc  disci^vcr  focail  species  approaching  the  living  races 
only  among  the  lost  geological  periods.  But  ia  it  certAin 
tliat  tliesc  species  arc  really  identical  with  the  latter  \  We 
muKt  examine  int^  this  matter. 

In  the  eai'liest  times  of  the  study  of  fossils,  a  multitude  of 
living  species  were  associated  with  them,  owing  to  Die  want 
of  strict  examination,  and  fil«o,  perhaps,  in  consequence  of 
mental  indolence,  which  disposes  us  to  simplify  the  objects 
of  our  study.  More  attentive  comparisons  have  proved  to 
ns,  that  there  may  not  exist  a  single  species  of  the  secondary 
fonnattans  like  tlie  prcsnutly  existing  races.  They  have  even 
lod  us  tip  prcsnmo,  tJiat  such  also  is  the  case  with  those  be- 
longing to  the  most  recent  epoch  of  the  tertiarj'  formations. 

An  an  example  of  these  facts,  we  may  remind  our  readers, 
that  M.  Agassi);,  lo  whom  we  are  indebted  for  such  beautiful 
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rt^Bearvben  on  fuwail  Rabcs,  huB  Dot  fouiul  umun^  t|u)ae  of  the 
secondary  Beiies  more  tliau  a  niogle  species  wbich  can  be 
connected  witli  the  rnces  of  our  own  day. 

Thin  ex(.'«]>Uon  xa  limited  to  Much  an  inHigniKciuit  Dumber, 
that  it  is  probably  aa  exception  only  id  appearaiioe.  How 
many  characters  have  disappcoi'od  in  tJte  iacomplete  remainH 
from  whicli  wo  arc  obltgod  to  rccoDatruct  the  beings  of  the 
ancient  woHd  i  If  tlic  naiinnU  of  agv»  so  remote  from  at, 
considered  an  identical,  even  after  n  inimit«  coiniMirisun,  were 
to  retuni  to  life,  a  nmUitude  of  disUnctiona,  uf  which  n-e  had 
Dot  the  least  idea,  would  appeiir.  and  shew  ua  how  much  we 
erred  respecting  their  pretended  affinities. 

Yet  the  complete  diRereiice  between  Uie  animals  of  our 
epoch  and  those  of  the  secondoi-y  and  tertioi^'  periods,  k« 
not  been  admitted  by  all  iiaturalistH.  It  has  been  denied  by 
M.  Khrenberg,  who  has  fuund  a  perfect  Atiaiagy  bctwwo 
many  infusoria  of  the  ci-etaceuus  ftirmations,  and  tJiose  still 
olive. 

IfitispossibU- ti>  he  deceived  in  the  exuiutuation  ofanimoli 
M  complicBtdd  as  the  vertebrata,  how  much  more  cosy  is  it 
L.to  fall  into  error  when  attempting  to  determine  infusoriu, 
I  whose  diameter  scarcely  Hjualn  the  300tli  of  a  millimetre, 
I  and  whose  organisation  is  remarkable  fur  its  simplicity '.        ■ 
M.  Ehrenberg  himself  has  given  us  a  proof  of  the  difficulty 
of  determining  thvsc  infinitely  minute  beings.    He  liaaprovcii 
that  twelve  species  of  vorticella  were  only  different  states  of 
a  thirteenth  species.     Yet  of  these,  a  gi-eat  number  of  differ- 
ent groups  had  been  foi-mcd,  and  the  getieiii  Euli»*a,  Redeila, 
Kerobalana,  Ora/erina,  Ophrtdia,  and  Uretolaria,  establifthvd 
upon  them. 

On  the  other  hand,  Mr  Owen,  by  considering  tlic  genunii 
I  characters  of  the  present  popnlation  of  Australia,  is  surjiriDvdl 
I  that  that  of  the  later  geological  times  could  present  us  with 
1  animals  of  the  genera  of  the  Mastodons.     In  faut.  there  baa 
I  not  hitberto  been  found  there  any  living  pachyderm,  eitlion 
fossil  or  [httinatile  f)    Yet  the  i-emains  of  a  terrestrial  main- 
mifer  very  analogous,  in  its  teeth,  to  one  of  the  species  of 
I  Mastodon  common  in  America  and  Europe,  have  been  found 
in  the  oAuferoufi  grottoes  of  that  eountry.  X 
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The  discoTei^  of  soch  ao  animal,  which  has  no  analogy  to 
Uie  mammifera  actually  living  on  the  continent  of  New  Hol- 
land, has  led  Mr  Owen  to  «np|)i>»e,  that  this  Mastodon  might 
belong  to  an  entirely  dift'erent  family.  He  has,  tlii>i-efoi'e, 
refeiTed  thia  great  humalile  quadruped  to  a  group  of  Maraa- 
pittlii  or  Didulphous  Mammifera,  whose  principal  types  repre- 
wnt,  in  this  continent,  the  parallel  typ«8  of  the  different 
femili«s  of  the  great  classea  of  mammifera. 

Mr  Owen  has  not  admitted  this  supposition  without  doubt;" 
but  it  does  not  the  lesH  prove  how  difHcult  it  is  to  be  certain, 
not  only  of  the  exact  determination  of  a  race  belonging  to 
geological  timeai  but  even  of  the  family  or  class  tn  which  it 
belonged. 

These  difficulties  are  no  much  greater,  because  it  is  far 
from  being  settled  what  we  ought  to  nndcr^tund  by  a  Species, 
Mpi^ially  when  we  wish  to  verify  experimentally,  whether 
generation  oonliliu.  or  otherwise,  the  distinctions  which  have 
led  ua  to  consider  them  aa  diHerent,  or  the  analogies  by  wbich 
we  B«ek  to  assimilate  them.  Do  the  marine  aperies  undergo 
gradual  nioditi cations  by  a,  change  in  the  degree  of  saltneaa 
of  the  waters  in  which  they  live,  or  in  conaequeuoe  of  any 
other  e.vterior  circumstance  ?  Who  is  unacquainted  with  the 
effects  these  causes  produce  on  the  mollusca,  and.  tor  ex- 
ample, on  many  species  of  Muret,  Pterocera,  Buccinum,  Oliva, 
and  particularly  ou  the  Cardium  eduh  ? 

Thus,  according  to  Mi-  Gray,  the  shells  of  Buecinam  un- 
ifafam,  and  of  Buecinuin  tiriafum  of  Pennant,  differ  only  ia 
Uiis,  that  the  former,  formed  in  agitated  waters,  becomes 
thick  and  heavy.  The  second,  which  has  lived  in  the  tran- 
ttuil  waters  of  harbours,  has  there  become  light,  smooth,  and 
often  coloured. 

Th«  shells  which  are  provided  with  branched  or  dilated 
prominences,  such  as  Mnrex.  are  likewise  subject  to  great 
changes,  according  to  the  circumstances  in  which  they  happen 
to  be  placed.  Many  varieties,  produced  by  local  cause)*,  have 
iieen  improperly  considered  as  distinct  species. 

*  Wvyt  rnsBrnheB.  and  more  complete  bones.  tiHie  ihairn.  thai  in  raftlity  thi« 
kiimkl  •ran  not  a  Mutadan.  «nd  that  it  ought  to  occupy  a  plan  in  lh«(ubsilH« 
ef  Manupiali. 
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'  Murer  anffnit/er  is  only  tlio  \Jnrfx  rmttiu 

\irom\twTWK* ;  nnd  tlic   Murtuc  erUuuftu,  »tiiK-arinatit*,  anga- 

ti/eru*.  tmntntinu*  unA  pol^iAeru*.  are  Tftrietios  of  Uic  WUnC 

vpecie^.    Ill  liko  luaiituT.  tlie  Hurex  maifeHanirHt  of  tranquil 

wsters  ap(>«ara  covered  with  large  ahiirp  fulinr«»uH  expan- 

LltooHr  wLile,  in  a|pt«l«d  8i.>a»,  tliv  »»nw  nhell  ban  no  aucfa  ei- 

P^Ansiuiu,  and  liait  oiiljr  tlio  ribn  vroniteil.     Tbi»  speciea  rarely 

attaiiiH  a  larg«  size  ;  wlteD  it  does  become  large,  it  is  solid, 

and  luscit  almoHi  all  Uie  appearance  of  atris.  ^ 

The  moiUriationa  wbicli  sbella  underfco  in  eonaequence  of  V 

the  diveratty  of  thetr  atatioDB,  are  ao  oiuoh  the  more  import- 

ant  to  be  noticed,  since  ihesc  cnle^n.'onH  |iioco«  are  almoil 

tbe  only  remninn  of  tbc  moltuaca  of  tlic  anvi^-nt  world  tbal 

have  come  down  to  \t%.     Similar  etfevta  are  not  lesa  sensible 

on  tVeah  water  moUuttca.    LymneeM  pereyer  fumiahea  u»  wilb 

a  remarkable  example  of  auob  obangea.     Wben  the  rivers 

of  Sweden,  and  probably  of  other  places,  carry  it  to  the  Bal- 

fMc,  it  is  80  modified  by  the  difl'erent  nature  of  Uie  waters  in 

r  whicb  it  is  succeesively  plunged,  that  it  cannot  be  recognised. 

To  sacli  a  degree  is  this  carried,  tfaal  it  bas  been  regarded  at  I 

Lanother  species,  am!  another  §pecific  name  assigned  to  it. 

r     Similar  moditications  have  likewise  taken  place  in  other] 

species  of  the  same  genus,  in  LpamteMX  otatHS  for  example, 

and  that  from  Cannes  iesM  powerful  and  loss  active  than  thosi 

whose  effcfts  arc  so  obvious  on  I.ymniru*  ptreger.     It  would" 

nndonbtodly  happen  that,  if  we  conld  nut  observe  in  what 

miumcr  these  uiodificjitions  ai-e  brought  about,  if  we  could 

not  follow  their  gradations,  and  observe  the  transitions  of 

tlieae  shells  into  one  another,  we  wonid  vrentu  them  into 

arbitrary  species,  since  they  would  not  be  founded  on  tbena-] 

ture  of  things. 

\Vc  may  n-inark,  in  mlntion  to  shulU,  tliat  there  arc  mul- 1 
tJtudes  of  tliero  whose  cbamctera  we  appreciate  only  by  th« 
assistance  of  the  moule*,  whether  inteinor  oi-  exterior,  from 
which  we  may  judge  of  the  degi"ee  of  uncei-tainty  we  must  be 
in  when  we  proceed  on  this  single  means  of  determination^ 
In  fact,  theao  mnufft  undergo  nunierona  variationH,  nceordinj 
to  tJieir  degree  of  preservation ;  it  may  evun  huppi^n,  fi-iirn 
BoncH  of  accidental  cii-cumslances,  that  tJiey  present  elinrae 
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tera  wbicb  do  not  really  belong  to  them.  M»y  we  not  sup- 
poae  that,  if  wc  were  acquainted  with  the  nnmerotis  modiJi- 
cations  of  the  (li)inestic  races  only  from  parts  of  tlieir  skele- 
ton, which  had  been  left  iu  the  sti-ata  of  the  enrth  as  fossils, 
wc  woiilil  form  many  (listinct  species  out  of  one  and  the  same 
race  I  The  characters  which  led  ns  to  separate  them,  wonid 
acquire  in  our  eyes  nn  inipoi't^mce  as  great  hh  those  which 
now  Bcrve  to  dl!«ta»guiah  the  ancit-nt  gonerationsi  from  the 
existing  creations. 

There  exists,  therefore,  at  least  uncertainty  in  the  deter- 
mination of  a  great  number  of  fossil  species,  when  viv  con- 
sider them  nx  distinct,  when  we  regai-d  thorn  as  having  no 
represontntivfta  in  nature,  and  finally  when  we  assimilate 
thcni  to  the  races  of  our  own  epoch.  It  is  more  especially 
in  malting  these  approximations  that  we  run  most  risk  of  de- 
oeiving  ourselves  ;  fur  here  all  control  is  impossible.  On  the 
other  hand,  a  multitude  of  chai-acters  are  wantin(;  to  onablu 
us  to  judge  of  tile  identity  of  races  which  have  belonged  to 
periods  BO  different  in  the  whole  of  their  conditional  and  their 
oxterior  media. 
\  This  identity,  whether  it  be  real  or  not,  cannot  well  be  ditk 
corned,  except  in  regai'd  to  geological  eras  most  nearly  ap- 
proaching the  period  to  wliich  we  belong."  In  fact,  it  is  only 
in  tlie  most  recent  tertiary  strata  that  species  have  been  ob- 
»erved,  which  present  analogies  to  our  own,  sufficiently  strik- 
ing to  admit  of  identifying  them.  These  nfEiDities  between  the 
old  and  presently  existing  generations  do  not,  therefore,  cx- 
iat,  but  in  regard  Ui  sueii  races  as  have  been  subjectu'd  to  the 
same  effects,  and  experienced  nearly  similar  influences. 

The  destruction  of  the  species  of  the  ancient  world,  secinn 
therefore  to  have  been  produced  by  a  change  of  the  exterior 
circumstances  in  the  media  in  which  they  lived.  When  thenc 
changes  in  the  conditions  of  the  media  have  been  consider- 


*  II  uTiii  luppo'iod  that  tpvdvB  of  u<ir  own  ppw'h,  siit^h  ai  JVurtji  tmntulun  nnil 
■Vrnii  hiifo,na,  hod  I'liuii  mot  with  In  the  tortlnry  formntloiiii  of  Bplouv.  nonp 
Tdurnuii  (Suono  and  Loirpj;  but  M.  Vtrlnt,  who  hwi  oimninoil  thutc  [iIkvuh,  in 
tcravlnC'd  tbftf  th^iu  sheila,  thtj  niiiiuult  of  wbicli  hafl  b4.ton  uicd  ut  (ttitl,  bud 
bevii  Lui'ivil  tlnTH  liy  the  )ian<I  df  mnti.  AH  Idci  i>r  llii'  unu'Vallqiin  i>  tliu> 
bftol-biol.    (S-c  AnUivti.  ie*rt,  t,  i„  |i.  338.,) 
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»b]e  and  suddeii.  t)i«,v  bave  exteniiinated  the  apeoJcii.  wbidtl 
ware  not  sufliirieDtly  strong  and  vivacious  to  withstand  th««e  1 
new  tmpKttHidna. 

Tlie  vigorous  species  have  alone  been  able  to  pasa  from 
lj|;w)logic»1  to  historical  times,  if  it  be  indeed  the  case  tbirt 
species  exiHt  cottimuu  ta  these  two  periods.  Wv  huvo  nlready 
•aid,  that  recent  ol>«crvationK  t«nil  to  prove  tht?  contrary. 
If  the  fact  of  tlie  survival  of  certain  ttpecics,  and  the  extinc- 
tion of  others,  had  been  extricated  from  the  uncertainty  which 
■till  envelopes  it,  a  remarkable  aji^reement  would  prevail  be- 
tween the  physical  data  and  tlii:  uccount  ^vcn  in  the  Bible. 
We  would  no  longer  have  to  ask  why  one  portion  of  organ* 
ixed  beings  have  been  destroyed,  in  the  diiferent  phase* 
which  tlie  ancient  creations  bave  gone  through,  while  otlien 
have  been  spared  during  the  inodiAcations  of  the  surface  of 
tbe  globe,  and  have  passed  from  geological  to  historical 
^mes. 

The  partial  destruction  of  certain  species  of  the  am-ie 
world,  and  the  survival  of  others  belonging  to  the  same 
nod,  cannot  well  accord  with  the  best  established  geological 
fibCta.  According  to  these  facts,  there  has  been  a  succeAsion 
in  the  appearance  of  living  beings  ;  but  this  succession  has^ 
token  place  in  such  a  manner,  that  tJiene  beings  have  diHbred 
&omeach  other,  notoniy  from  one  period  to  another,  but  fWnn 
one  period  to  that  which  prtK-cdod  or  followed  it.  Now  these 
epochs,  admitted  solely  for  the  purpose  of  rendering  the  study 
of  tbe  ancient  generations  more  easy,  ai-e  less  real  and  dlB- 
tjnct  than  such  as  exist  het^veen  the  creations  of  geological 
times  and  those  of  tlie  present  period.  It  is  thfi-efure  pro- 
bable, accoi-ding  to  the  general  tenor  of  the  beat  estahlishei^fl 
facttj.  that  tbe  two  grantl  phases  thi-ough  which  the  earth' 
has  parsed,  have  witnessed  the  appearance  of  creationa 
totally  ditFereut,  and  having  nothing  in  common  betweei 
them. 

The  phenomenon  of  generations  buried  in  the  strata  of  th< 
earth  gives  rise  to  yet  other  difficulties ;  we  shall  direct 
tention  to  thesei  altliough  it  may  be  only  to  leave  the  ar^'^ 
ment  without  a  reply. 

We  may  consider  as  belonging  to  the  existing  periods. 
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llieae  orgitniwd  bttiogH  wlioM  Kmains  are  fguiid  in  Ibfl 
nufUt  of  (liliiviKti  i](>po«it»,  aud  tliat  with  80  much  Uiv  mono 
reason,  becJiuHC  thoKr  dvpoxitJi  likowiitc  cxhtbil  some  traces 
aftiteliumau  spcewK.  A.moiij;  a  inultituiK^ofatiimal  remains, 
which  liavo  now  their  repre»eii(aUv«H  in  nature,  there  is  a 
pretty  eouAtderahle  number  of  which  no  vestige  e»D  be  oh- 
served  on  the  surface  of  the  earth-  It  may  be  anked  buw, 
and  by  what  circumetanceH,  have  tliCAso  latter  been  destroyed, 
while  the  others  vompusing  tlit;  gcueratioiis  with  wliich  tJie 
wirth  is  eoveri'd,  have  survived  the  cauAea  by  which  tl>c  for- 
mer havo  pcriftlied. 

These  difficulties  ore  greater  still  to  tlioee  who  keep  in 
mind  the  account  in  tJie  Bible,  aecorditif;  to  which  "  animals 
dean  and  unclean,  fowU  of  the  air,  and  every  thing  that 
niovtfth  on  the  earth,  entered  into  the  ark,"  and  were  thereby 
preserved,  according  to  the  will  of  God.  In  order  to  make 
this  text  agree  with  tlie  fatts,  we  may  consider  it  probable 
Aat,  by  tlie  expression,  all  that  motelh  u/ian  Ihr  earth,  the 
•acred  writer  meant  only  the  pi-iiicipal  animals,  and  not  tlto 
totality  of  Uie  species.  We  have  already  indicated  othw 
posaagOB  when  the  word  all  expresses  only  a  part,  or  portion 
of  the  object  whieh  Genetti»i  has  thus  generalizeil.  If  we 
adopt  this  interpretation,  .ndmittvil  by  a  great  number  of 
Bihic  comnteiitatorti,  all  difficulties  vanish,  and  the  facts  ex- 
plsuD  themselves. 

The  lost  species  would  thus  be  those  which  had  been  de- 
stroyed by  the  (leUige.  as  mentioned  in  the  2Lst,  22d,  and 
23d  verses  of  the  eighth  chapter  of  Genesis.  There  is  no  need 
uf  very  exti-aorjiuary  caud^-s  to  produce  the  destmction  of  a 
great  number  of  living  tipecies,  since  there  are  many  belong- 
ing to  the  existiu^  creations,  and  of  whicli  we  now  find  no 
ti'acoa  on  the  earth,  although  certain  of  them  hud  been  per- 
ceived in  times  not  very  distjint  from  our  own. 

Such  is  the  case  with  the  Dodo,  wliich  was  seen  in  1616, 
in  the  island  of  Mauritius  ami  in  Bourbon,  and  of  which  some 
remains  exist  in  tlie  mu.tenm  of  London,  Oxford,  and  Ley- 
den.*     We  no  longer  lind  this  bird;  and  since  that  time  it 
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lias  not  been  ottaerved  elsewhere.     The  race  ia  now,  t^iere'- 1 
fore,  extinct,  as  appears  to  b«  the  cASe  witli  that  of  (be  gi- 
f^antic  liomed  stAg. 

Yvt  tbiM  niminiint  wnB  raprcKcnttxl  in  tlto  pictures  oT  an- 
cient Rome,  nnd,  MC(:'4>rding  to  the  writers  of  antiquity,  it 
WKK  ticnt  rriim  Knglnnd  on  n«>oiint  uf  tJie  delicacy  and  excel- 
lence of  its  flesh.  The  nanie  animal  was  known  to  Oppian. 
Jonston.  Aldrovandus.  and  Munster.  who  app«ar  to  have 
seen  it  alive  ;  the  latter  even  pretends  that  he  ate  of  it.  whidi 
would  prove  that  the  species  wait  not  extinct  in  I&50. 

The  bone  of  a  gigantic  sta^,  preacntin)?  a  onllosity  pro- 
duced by  a  pointed  und  euttinjr  inNtmment,  and  found  by  lUr 
Hart  in  the  Vale  of  Arno  in  Italy,  eonftnns  the  report  of 
tbeae  writem,  or,  at  least,  demonstrates  that  tJie  destme- 
tion  of  this  animal  has  taken  plac«  posterior  to  historical 
times. 

The  Dinomes  are  likewise  birds  of  which  wo  know  no  rr- 
presentativea  now  living.  They  helnng,  however,  to  oifr 
epoch,  for  their  nests  have  been  discnversfl  on  the  voast«  oi 
New  Holland.  These  nests  are  as  remarkable  for  their  di- 
mensions a«  the  birds  which  constmct them.  Thesennimal* 
evidently  belong  to  the  existing  period,  for  the  natives  of 
New  Zculand  have  preserved  the  recollection  of  tJiem,  and 
name  them  ^foa. 

It  is  even  possible  that  the  ancients  may  have  represented 
the  Dinomes  on  their  monnments,  and  that  these  birds  are 
no  other  than  the  gigantic  cranes  mentioned  in  the  Icgendu 
of  eastern  nations.  M.  Bonomi  tiiiw,  upon  the  tomb  of  an] 
officer  of  Phai-aoh  belonging  to  the  fourth  djTiasty,  a  ba»-re-^ 
lief  on  which  birds  «f  this  Kind  were  represented,  the  di-^ 
mensions  of  whiih  were  very  large,"  1 

No  doubt  the  disappearance  of  those  species  which  livcdl 
not  lung  since,  may  appear  at  first  sight  very  extraordinary, 
but  it  is  easily  explained  »vhen  we  attend  to  the  organization! 
of  these  animals.  Thus  the  Dodo,  for  example,  whicli  warfj 
formed  neither  for  running  nor  flight,  could  not  escape  from-! 
our  pursnit..     The  size  of  the  gigantic  stAg  prevented  it,  inj 
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blt«  manner,  evading  the  attovlis  which  were  made  upon  it. 
Tbc  Mtabliidiinont  of  Europenne  in  the  islond  of  Mauritiua, 
hM  thu»  been  the  principal  uauiMi  of  the  disiLppearaacQ  uF 
tiie  Dodo,  just  aa  the  cleariug  a.way  of  the  foreatit  which 
covered  the  surface  of  ancient  Germany  has  occasioned  the 
Bto  of  one  of  the  moat  remarkable  animaU  of  our  world. 
KMany  of  the  aniraala  ligured  or  acuiptured  on  tlie  monu- 
ments of  luitiqnity,  and  uniting  conditions  which  render  tlieir 
existuncc  poHitililc,  have  no  longer  represeutativea,  as  is  alfio 
the  ciui«  with  certain  itpecies  buried  in  the  ancient  catacombs 
uf  Egypt.  Geoffroy  Saint  Hilaire  has  sought  in  vain  in  that 
country  for  tnices  of  the  two  crocodiles  which  he  fouuil  em- 
b«lmvd  in  tbe  Efryptiun  tombs.  Tbesu  tno  races,  named  by 
hiio  Croeodilu*  lacunonHs  itnd  Vrofotlilun  coinplanatut.ave  niXW 
to  he  Hought  for  among  the  living  races. 

There  is  no  need,  therefore,  of  extraordinary  oauseit  in  or- 
der to  destroy  certain  species ;  it  is  sufficient  to  bring  about 
this  reauit,  that  the  species  cannot  escape  our  pursuits,  nor 
defend  theinselveA  ngainnt  our  attacks.  It  i»  obvious  that 
they  become  extinct,  so  much  the  more  speedily  tf  their  fo- 
coodity  be  inconsiderable,  and  the  number  of  deaths  exceeds 
tliat  of  births.  The  loss  of  a  species  ni.iy,  therefore,  depend 
OD  the  simplest  circumstances,  and  be  the  effect  of  cnusctt  by 
no  means  beyond  the  ordinary  course  of  things. 

When  we  study,  as  ii  whole,  the  oi-giiuized  bcingH  which 
in  their  turn  have  animated  tLv  wurlil,  wltich,  from  tlie  sub- 
ject of  our  investigations,  we  are  struck  with  tlie  permanency 
of  the  generic  types.  A  pi-etty  considerable  number  of  these 
types,  often  very  natural,  have  run  through  all  tlie  ages  with 
the  same  characters,  and  have  undergone  alterations  only  in 
llieir  specific  distinctions.  The  species  of  these  persistent 
genera  have  only  diU'ered  from  one  epoch  to  another,  and 
moat  of  all  from  the  ancient  ci-ealions  to  tlie  present  ones. 
There  are,  however,  many  races  of  our  own  times  which  have 
preserved  the  same  characters  which  distinguish  thoatc  of  tha 
lirstages. 

The  greatest  variations,  then,  have  taken  place,  not  in  the 

Eerie  type,  but  in  tiie  specific  type  which  characterizes,  and 
ns  tbe  difference  between  organized  beings,  all  the  indi- 
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viduaU  of  whicli  il  embracca.  It  in  partit.'oUrlj'  among  Uu 
less  complicated  beinie^  in  the  vefi;etsble  and  aniinal  king- 
dom ctutt  this  ptirsistence  ia  most  evident,  and  extends  to  ft 
Ttry  gretikt  number  of  generic  socrtioni. 

We  hare  considered  a  spi-cies  as  n  type  easy  to  seize,  and 
the  determiimtion  of  which  can  f^ive  rise  to  no  unceruiutj. 
This.  howvvtT,  is  fur  from  being  the  esse.  In  truth,  the 
[•pMific  churncterR,  even  among  living  species  which  we  mav 
be  anid  to  hnvv  continually  tinder  our  oyc,  arc  PKsentialltr 
Toriable,  and  it  is  often  difllcult  to  a)>preciat«  tlieir  true 
raliM. 

If,  then,  we  submit  the  vegetable  and  animal  Bpecins.  ad- 
mitted into  our  catalogues,  to  a  strict  and  complet«  r«viHii>n, 
we  may  affirm,  without  fear  of  error,  that  th«  Qumber  would 
be  aingnliirly  reduced,  If  we  do  the  same  with  regard  to  tb« 
BpecteH  of  the  old  ereations  which  have  been  considered  iden- 
tical with  the  existing  racent,  we  will  perceive  how  little  foun- 
dation tlit-re  i»  for  the  atialugies  by  inenn^  of  which  they  arp 
associated.  This  truth  would  become  more  evident  Mill  if 
the  fosHil  species  presented  themselves  to  ua  with  Urn  whole 
of  their  characters  unimpaired,  for  we  would  tlien  pcrccivt 
differencea  of  which  we  can  form  no  idea  in  the  ini[>crfi 
state  of  their  preservation. 

When  we  examine  the  whole  of  the  ancient  creationa.  and 
consider  how  imperfect  are  the  remains  by  means  of  which 
we  endeavour  to  attain  to  their  specitic  determinations,  we 
are  rather  disposed  to  regai-d  these  determinations  as  provi- 
siooary  than  aa  expressing  abBolutg  certainty.  Probably  the 
analogies,  by  aid  of  which  endeavours  have  been  made  to 
approximate  certain  species  of  the  ancient  world  to  those  of 
the  present,  are  not  so  real  aa  they  have  been  supposed ; 
at  least  they  do  not  rest  on  the  positive  knowledge  of  Uieir 
chaiiicters,  nince  the  greiiter  part  of  these  have  disappear<<di 
in  the  foHstl  races,  I 

Accordingly,  in  consequence  of  the  disappearance  of  thcMj 
specific  characters,  certain  ancient  apeciea  have  been  aKsimtl 
lated  to  the  living  races,  an  asao<dation  which  certainly  ivoulS 
nover  have  been  made  if  the  former  had  been  known  to  ui 
In  their  perfect  slAte.     The  greater  part  of  those  reapectind 
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wbioh  viv!  poaaeaa  certain  data,  prove  that  Uiero  is  nothing 
ID  couomoa  between  the  two  creations.  The  difference  be- 
tween tbe  racvs  of  the  two  worMs,  im  hu  much  the  gronter  as 
iJwy  bolong  to  the  most  ancient  agi-M  ;  but,  independently  of 
tUa  cir«um8laRC«,  which  always  leadn  to  the  Mame  reitalt, 
there  ill  nothing  identical  between  the  genei-ationn  whiehbe- 
\ffa^  to  epoch:*  so  divertte-  UeulosricaJ  tacts  support,  with  all 
their  weiftlit,  this  remarkable  ciiTumatance,  which  an  enlight- 
eoecl  aiid  attentive  comparison  of  the  H]>eoies  of  tlie  two  crea- 
tionB  oonfirms  more  and  more  ever)-  day. 

The  races  belonging  to  the  ancient  creations  have,  tJiere- 
fore,  no  longer  any  representatives  on  the  earth,  but,  what  is 
DO  less  remarkable,  it  is  the  same  witli  a  portion  of  tbe  ac- 
tual races.  Many  species  of  the  citation  to  which  we  be- 
long have  perished  ;  some  of  them  at  a  period  of  a  cataclysm 
wbivh  has  desolated  a  great  part  of  the  earth's  surface,  and 
otfaei-s  in  recent  times. 

These  facts,  singular  suid  extraordinary  as  they  may  ap- 
pear at  first  sight,  are  yet  tnie  in  regard  Ifl  a  certain  num- 
ber of  the  species  of  different  epochs,  thun^h  they  belong  to 
our  period.  When  we  reflect  on  the  causes  wiiich  have  de- 
stroyed many  races  of  our  creation,  we  are  soon  convinced 
that  they  are  very  simple,  and  that  the  fact  of  their  destruction 
eomes  t^'lthio  tbe  ordinary  course  of  things.  It  is  enough  to 
produce  tt,  that  Ib^  numhvr  of  deathut  should  be  propoKionally 
greater  tiian  that  of  births ;  the  more  the  former  exceeds  the 
latt«r,  the  more  certain  and  rapid  in,  the  extinction  of  every 
race, — {Marcel  dc  S'erres,  Jiili.  f/Hiv.,  p.  241.  Na.  7,  Aoul 
1848.) 

On  the  DesffHciion  and  jiarlial  Jiejir eduction  of  Foretta  in 
I  Uritit/i  NoTlh  America.  By  JoilN  WiLLlAM  DawsoS. 
I       V.»>\.  of  PictoH.     Communicated  by  the  Author. 

^HThe  changes  produced  by  the  agency  of  civilized  man,  in 
'    thtt  condition  of  the  earth's  surface,  and  the  numbers  and 
diatrihutjon  of  its  living  inhabitants,  though  not  of  great  im- 
porl«nce  when  compared  with  those  which  result  from  tbe 
unceasing  operation  of  natural  ciiuses,  are  intci-esting  to  the 
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uaturBliat,  w  Mxey  Uluatrato  thu  vicUniittilvA  which  miuiy 
part«oftbeflartb*8BurfavebAvevxpvrionGcdin  aucJent  timei, 
tlic  uxtont  to  which  plants  iiii<l  luiimnls  con  accomniodate 
UiviiittclvttS  to  i^haiiges  of  Gin-»iiiittAncui>.  uwl  tho  nfttural 
oompensations  which  have  been  provided  for  the  deHtractloo 
ordiminiition  of  purticuliir  ifpeciffH.  Iiiijuiry  into  such  chan^K 
*  U  also  of  importance  ns  a  aiouns  of  dispelling  the  mj«ti:r; 
whioh  freqaentl;  envelopes  the  succession  of  organised  being* 
in  circumstances  of  physical  chnngc;  n  mystery  which  hasi 
induced  'sumv  iiattinUiHta  to  recur  U>  Ihe  dot^trineit  of  MjHJiita- 
ncous  generation  and  the  tranHtuuliktiuii  of  apeciea,  for  ex- 
planations of  phenomena  which,  if  properly  examined,  would 
have  been  found  to  rt^sult  from  some  of  the  must  ordinary 
causes  of  the  muintvnanci;  and  distribution  of  nniniAl  and 
vegctabJo  lif«. 

In  North  America,  and  especially  in  tliuttc  porta  of  it  form- 
ing the  United  Slates  and  CHtJsh  Provinces,  uuch  change* 
have  oeciirred  with  great  rapidity,  converting,  in  u  few  ye*r«, 
uninhabited  forests  into  countrit^ft  having  the  aspect  of  re-, 
gions  long  inhabited  by  civilised  men.     The  forests  bav^lfl 
been  deati-oyed,  their  living  inhabitants  extirpated  or  obliged 
to  adopt  new  modea  of  life,  new  ajitmals  and  plants  intro- 
duced and  naturalised ;  and,  indeed,  a  revolution  e0ected  in 
all  the  departments  of  organised  nature,  in  the  lapse  of  a 
single  generation.     To  notice  a  few  of  tJiesc  changes,  witlL 
reference  more  especially  to  the  destruction  and  partial  re^| 
production  of  forests,  is  my  present  object,     Ttie  facta  which 
I  propose  to  Htate  have  been  collected  principally  in  ihe  prc^^ 
vince  of  Novit  Scotia.  ^| 

In  their  natural  state,  Nova  Scotia  and  tlie  iieiglibnuring 
piiivinces  were  covered  with  dense  ^voiids,  exti^nding  from 
the  shores  to  the  summits  of  the  bills.    These  woods  did  not 
form  detached  groves,  but  constituted  a  nearly  continuou|^| 
sheet  of  foliage,  tho  individual  trees  composing  which  wer^" 
BO  closely  placed  im  to  prevent  them  ft'om  assuming  full  and 
rounded  forms,  and  to  oblige  them  to  assume  tall  and  alende 
shapes,  that  each  might  obtain  air  and  light.     The  only  e 
ceptions  to  this  ai'e  certain  rich  and  usually  light  soils,  whei 
tlie  foroft  it!i  itometimes  more  open,  and  hills  too  rocky  to 
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•upjiort  a  covering  of  lre«ft.  \Vlien  viewed  from  tbo  Hummit 
nf  a  bill,  the  forest  presents  a  oooiintious  undiiUiing  surface 
i>f  a  more  or  leas  dark  eoloia*  and  uneven  form,  in  proportion 
to  the  prevalence  of  the  deep  colours  and  uneven  outlines  of 
Ihe  evergreen  conifei-je,  or  of  the  lighter  tints  and  rounded 
contours  of  t!ie  deciduoua  ivecs :  and  these  two  olasseft  are 
usually  arranged  in  belts  or  irregular  patches,  contiilning 
mixtures  of  trees  corresponding  to  the  fei-tliity  and  di-yness 
of  tJie  soil.  In  general  the  deciduous  or  hibrdmood  trees 
prevail  on  intervale  gi-ound.  fertile  uplands,  and  the  flanks 
and  summits  of  slaty  ami  trappean  hilln:  while  swnmp»,  the 
less  fertile  and  liglitest  u|)Iand  soiln,  and  granitic  hills,  are 
chiefly  occupicil  by  couifci-ous  trees. 

The  forest  trees  spring  from  a  bed  of  black  vegetable 
mould,  whose  surface  \%  rendered  uneven  by  the  UtUe  hil- 
locks of  eartli  and  stoneK  tbi-own  up  by  windfalls :  and  which, 
thougl)  usually  named  ('raille  liiitt,  are  in  reality  the  graves 
of  departed  members  of  tlie  forest,  whoKu  trunks  have  mould- 
^ed  into  the  mossy  soil.  These  cradle  hills  are  most  nume- 
rous ill  thin  soils ;  and  arc  chiefly  pi'oduced  by  the  conifemua 
treeo,  and  especially  by  the  hemlock  spruce.  There  is  ui^ually 
little  underwood  in  the  original  forest ;  mosses,  lycopodia, 
feruK,  and  a  few  herbaceous  flowering  plants,  however,  flou- 
rish beneath  the  shade  of  the  woods. 

The  woods  perish  by  the  axe  and  by  fire,  either  purposely 
applied  for  their  deetruetion  or  accidental.  Forest  fires 
have  not  been  confined  to  the  period  of  European  occupation. 
The  tr^litions  of  the  Indians  tell  of  extensive  ancient  con- 
flagrations ;  and  it  is  believed  that  some  of  the  aboriginal 
names  of  places  in  Nova  ycotia  oripnated  in  these  events. 
In  later  times,  however,  fires  have  been  more  numerous  and 
destructive.  In  clearing  land,  tlie  ti-ees  when  cvt  down  are 
always  burned,  and,  that  this  may  be  effected  as  completely 
as  ]ioHsible,  the  driest  weatlier  is  frequently  selected ;  although 
tlie  fire  then  is  much  more  likely  to  spread  into  the  surround- 
ing woods,  It  ft-eijucntly  happens  that  the  woods  contain  large 
quantities  of  dry  branches  and  tops  of  tree.*,  left  by  outtera 
of  timber  and  firewood,  who  rarely  consider  any  part  of  the 
trc«  except  th«  trunk  worthy  of  their  attention.    Even  with 
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out  thin  prfparatron,  however,  Uic  woodx  may  in  dry  weiithcr 
be  easily  inflaniMi;  for  ulthouj^li  the  trunks  luid  foUnj;^  c^ 
growing  treest  arc  not  very  combustible,  tht-  mosny  vegetable 
Boil,  much  restembling  pent,  bnms  Pftsily  nnd  rupidly.  Upon 
this  moKity  iioil  di^pcndit,  in  n  grcKt  mensure,  tho  propagation 
of  firest,  the  only  oxcvption  being  when  tJic  burning  of  gruret 
of  Uie  rcHinouA  coniferous  trees  is  uKsiAtod  by  win<!(i,  cihwJbc 
the  flame  to  streAm  Uirongh  their  tops,  more  rftpidly  tbiiii  H 
OBD  pass  along  tlie  ground.  In  such  ciwes  some  of  the  gntml- 
est  Appearances  ever  sht-wTi  by  forest  fires,  oecor.  The  ftre, 
spreading  for  a  time  along  the  ground,  suddenly  rucihea  np 
the  tall  i-esinotia  trees  with  a  loud  crashing  report,  and 
streams  far  beyond  their  summits,  in  columns  and  streamers 
of  hirid  flame.  It  frequently  happens,  however,  that  in  wet 
or  swampy  ground,  whore  the  fire  cannot  spread  around  their 
roots,  even  the  rettinoiix  trees  refuse  to  bum ;  and  ihtis 
Bwampy  tracts  are  comparatively  aecm-e  from  fire.  In  ad- 
dition to  the  causes  of  the  progress  of  fires  t^ve  referred  to. 
it  is  probable  that  at  acertain  stage  of  the  growth  of  forests, 
when  the  trees  have  attained  to  great  ages,  and  are  begin- 
ning to  decay,  they  are  more  readily  destroyed  by  accidental 
conflagrations.  In  this  condition  the  trees  are  often  much 
moss-grown,  and  have  much  dead  and  dry  wood;  and  it  is 
possible  that  we  should  regard  fires  arising  from  natural  or 
accidental  causes,  as  the  ordinary  and  natural  agents  for  the 
removal  of  such  worn-out  forests. 

Wherv  cii-cumstancGS  are  favourable  to  tlicir  progress, 
forest  fires  may  estend  over  great  areas.  The  great  fire 
whicli  occurred  in  1825,  in  the  neighbourhood  of  the  Mira- 
miehi  river,  in  New  Brunswick,  devastated  a  region  100 miles 
in  length  and  50  miles  in  breadth.  One  hundred  and  sixty  ■ 
persons,  and  more  than  80O  cattle,  befitdcs  innumerable  wild 
animals,  are  said  to  have  perished  in  this  conflagration.  In 
this  case,  a  remarkably  dry  summer,  u  light  soil  easily  uf- 
ferted  by  dronKht,  tind  a  fort-st  composed  of  full-grown  pin« 
trees,  concurred,  with  other  cjiuscs,  in  producing  a  confl 
tion  of  unnsual  extt^nt. 

When  the  fin;  has  passed  through  a  portion  of  foresi 
this  consist  principally  of  hardwood  trees,  they  an;  usually 
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merely  scorched. — Ui  such  m  ilcgroc,  Iiowovor,  iis  in  most 
caaeB  to  canae  their  death  :  aoinu  irveit.  ouch  am  the  birchex, 
probably  from  Uie  mora  intianiniable  nature  of  their  outer 
Iwrk,  being  more  easily  killed  than  others.  Where  the  woods 
CODBist  of  softwood  or  coniferous  trees,  the  fii-e  oft«ii  leaves 
nothing;  bat  bare  trunks  and  branches,  or  at  most  a.  little  fo- 
li«gu,  Bcorched  to  n  ruHty-browii  colour.  In  either  caiw,  il 
vaat  quaiitit}'  of  wood  remains  iiiicoueumed,  and  soon  becomm 
anfficiently  dry  to  furnish  food  for  a  new  confla^iitJon ;  »o 
that  the  same  portion  of  forest  is  liable  to  be  repcntedly 
bomed,  until  it  becomes  a  bare  and  d^'solato  "  barren,"  witli 
only  a  few  charred  and  wasted  trunks  toweriiig  nbov«  the 
blackened  surface.  This  has  been  the  fate  of  large  districts 
in  Nova  Scotia  and  the  neighbonring  colonies ;  and  as  these 
borneil  tracts  could  not  be  immediately  occupied  for  agricul- 
tural purposes,  and  are  diminished  in  value  by  the  loss  of 
their  timber,  they  have  been  left  to  the  unaided  efforts  of  na- 
ture to  restore  their  original  verdure.  Before  proceeding  to 
oouHidormore  parfciciilarty  thu  mode  in  which  this  restoration 
i8  effected,  and  the  ttppeai-anct.-s  by  which  it  is  accompanied, 
I  may  quote,  from  an  article  in  a  colonial  periodical,  the  views 
of  Mr  Titus  Smitli,  secretary  of  the  Boai-d  of  Agriculture 
[if  Nova  Scotia.,  on  this  subject.  These  views,  as  the  results 
of  long  and  careful  observation,  are  entitled  to  much  respect. 
"  If  an  acre  or  two  be  cut  down  in  the  midst  of  a  forest, 
and  then  neglected,  it  will  soon  bu  occupied  by  a  growth  simi- 
lar to  that  which  was  cut  down ;  but  when  all  the  timber,  on 
tracts  of  greiit  size,  ia  killed  by  fii-es,  except  cei-tain  parts  of 
awamps,  a  very  different  growth  springs  up ;  at  first  a  great 
number  of  herbs  and  shi'ubs,  which  did  not  gi'ow  on  the  land 
when  covered  by  living  wood.  The  turfy  coat,  filled  with 
lli«  decaying  fibrea  of  the  roots  of  the  ti-ees  and  plants  of  the 
forest,  now  all  killed  by  the  lire,  becomes  a  kind  of  hot-bed, 
and  iteeds  which  had  lain  dormant  for  centuries,  spring  up 
and  flourish  in  the  mellow  sail.  On  the  most  barren  por- 
tioQft,  the  blueben-y  appears  almost  everywhere  ;  great  fields 
of  red  raspberries  and  firc-wcod  or  French  willow,  spring  up 
aloD^  the  edges  of  the  beech  and  hemlock  land,  and  abun- 
dance of  redbei'ried-eldcr  mid  wild  i-edcherry  appear  soon 
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after;  but  in  a  few  y«ars,  the  raapberriea  and  moat  of  tJie     1 
herbage  disappear,  and  are  followed  by  a  p-owth  of  <ir»,      | 
t  wliiti-  and  yellow  bircli,  and  poplar.     When  a  HucceBsion  of 
firoM  \m*  occurred,  smull  shrubs  occupy  the  barren.  th«  ktvl- 
nia  or  ttboop-poison  Iwing  th«  roost  abundant :  iu>d,  in  the      ! 
course  of  ten  or  tweWc  year«  form  w>  much  turf,  that  « 
thicket  of  Kmall  nldcr  bcgiuii  to  grow,  under  Xhc  sfaeltor  of 
which  fir,  sprucv,  ba^-in<:tac  (torch),  and  white  bircli  »priii|! 
up.     When  the  groiitid  in  ihorouglily  ithiuUil  by  u  thicket  30 
feet  high,  the  Hpucieii  which  originitlly  occupied  t}ic  ground 
begins  to  previul,  and  sufTocato  the  wood  which  lahcltfircd  it; 
^And  withia  nixty  years,  the  land  will  gcDcralty  be  covered 
^with  a  young  growth  of  the  same  kind  that  it  produced  of  ■ 
old."     Assuming  the  above  statements  to  t>c  a  con-eci  sum-'  I 
mary  of  tlie  principal  modes  in  wliiuh  forests  are  reproduced, 
we  nay  proceed  to  consider  them  more  in  detail.  ■ 

\st.  Where  the  wood  is  merely  cut  down  and  not  burned,  V 
the  same  description  of  wood  is  immediately  reproduced,  odiI 
this  may  be  ea«i)y  accounted  for.     The  soil  contains  abund- 
ance of  the  seeds  of  these  trees,  there  are  even   numerous 
young  plants  ready  to  take  tlie  place  of  those  which  have  been 
destroyed ;  and  if  the  ti-ees  htive  been  cut  in  winter,  their 
stumps  pmduce  young  shoots.     Even  in  cases  of  thia  kind, 
however,  a  number  of  shrubs  and  herba«eouB  plants,  not  for- 
merly growing  in  the  place,  spring  up ;  the  cause  of  this  may 
be  mora  properly  noticed  when  dcBcribing  cascfi  of  another 
kind.    This  simplest  mode  of  the  deeti-uctiou  of  the  fores^fl 
may  asnunie  nnotlier  aspect.    If  the  original  wood  have  been 
of  kiiidii  re<][uiring  ii  fei-tiK'  soil,  such  as  maple  or  heedi,  and 
if  this  wood  be  removed,  for  example,  for  firewood,  it  may 
Uiappen  that  the  quantity  of  inorganic  matter  thus  removed 
'f^m  the  soil  may  incapacitate  it.  at  least  for  a  long  tjme, 
from  producing  the  same  descriptjon  of  timber.    In  this  case, 
some  species  rci]uit-ing  a  less  feHite  soil  may  occupy  the 
ijgroand.     For  this  reason,  forests  of  beech  growing  on  light 
noils,  when  removed  for  firewood,  mre  sometimes  ciuecctxlod 
by  spnice  and  tir.     I  have  observed  instunceH  of  this  kind, 
both  in  Nova  Scotia  And  Prince  Edward  Island. 
2*Wy,  When  the  trees  are  biu-ned,  without  the  destructioa 
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of  the  wliole  of  the  vegetable  soil,  the  woods  are  reproduced 
by  a  more  complirntH  process,  which  inuy  occupy  a  number 
of  jeftTS,  In  itsfirst  «t»ge,  Uie  burned  ground  bearB  a  luxn- 
rinnt  crop  of  hcrbK  and  shtirbs,  which,  if  it  be  fertile  and  not 
of  very  grr«t  extent,  may  nenrly  cover  its  surface  in  the  snm- 
iner  succectliiig  the  fire.  Thi«  first  gi'<>wt3i  may  comprise  a 
conRiderfthle  Tftriety  of  species,  which  we  may  divide  into 
three  groups-  The  first  of  these  consists  of  herbaceous 
pliuiUi,  n'bieli  hare  their  roots  so  deeply  buried  in  the  soil  as 
io  ecicape  tlie  effects  of  the  fire.  Of  this  Itind,  is  a  small  spe- 
cies of  Trillium,  whose  tubers  are  deeply  imbedded  in  the 
blftck  mould  of  the  woods,  and  \vhose  flowers  may  sometimes 
be  seen  thickly  sprinkcd  over  the  black  surface  of  woodland 
very  recently  bnrned.  Some  species  of  ferns,  also,  in  this 
wav,  occasionsiUy  survive  forest  fires.  A  second  gi'oup  is 
composed  of  plants  whose  seeds  are  readily  transported  by 
the  wind.  Of  this  kind,  is  the  species  of  Epilohium,  known 
in  Nova  Scotia  as  the  fii-e-weed  or  Freneh  willow,  whose 
JeatJiered  seeds  are  admirably  adapted  for  flying  to  great  dis- 
tances, and  which  often  covers  largo  tracts  of  burned  ground 
lu  completely,  that  its  purple  flowers  communicate  their  own 
colour  to  the  whole  surface,  when  viewed  from  a  distance. 
This  plant  appeai-s  to  prefer  the  less  fertile  soils,  and  the 
name  of  fire-weed  has  been  given  to  it,  in  consequence  of  its 
occupying  these  when  their  wood  has  boen  destroyed  by  fire. 
Various  species  of  Solidago  and  Aster,  and  other  composite 
plants,  and  Ferns,  Lycopodia,  and  Mosses,  are  also  among  the 
first  occupants  of  biuned  ground,  and  their  presence  may  be 
Dxplainod  in  the  same  way  with  tbat  of  the  Epilobium ;  Uieir 
seedx  and  sporulcti  being  easiily  scattered  over  the  surface  of 
the  barren  by  wind,  A  third  group  of  species,  found  abun- 
dantly on  burned  ground,  consists  of  plants  beanDgediblefrnitB. 
The  seeds  of  these  are  scattered  ovei-  the  ban-en  by  bii'ds 
which  feed  on  the  fruits,  and  finding  a  rich  and  congenial 
soil,  800II  bear  abundantly  and  attract  more  binla,  bringing 
with  them  the  seeds  of  other  species.  In  this  way.  it  some- 
times  happens  that  a  patch  of  burned  ground,  only  a  few 
acres  in  extent,  may,  m  a  few  years,  contain  specimens  of 
nearly  all  the  trult-beai-ing  shrubs  and  herbs  indigenous  in 
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tlio  country.  Among  the  most  common  pltii)t«  n-hich  oivT' 
»pmul  th<i  biirni><l  ground  in  tliU  mftim«r,  ar«  ilie  rMpbeny, 
Mrlikli,  in  good  soils,  is  otio  of  the  first  to  mnko  its  ofiiwnr-  | 
Ruivc  ;  two  spocios  of  vaccioium,  callod  in  Xovit  Scutia,  hliit- 
bcrrifrs ;  ttio  t«a-b«rry  or  wint«rRrv«n  (GanltJteria  pnnm- 
bfv*)  :  tlic  pigeon -bo  rrj-  {Corittu  ranaiifnsit) ;  iind  t]»«  wild 
Btrawbcrr}'.  It  is  not  denied  that  Komc  pbuitit  miiy  be  found 
in  mcenUy  burnvd  districtft,  whose  pr««once  may  not  be  ci- 
plicablc  in  the  above  modea ;  but  no  p«rson  ovquaint^xl  wkh 
the  foctA,  can  deny  th»t  nil  the  plants  which  Hpp«ar,  in  any 
oonaiderablu  quantity,  within  a  few  yeari*  after  tJie  occum^ncc 
of  a  fire,  mny  readily  be  iiichided  in  the  groups  which  h&ve 
been  mentloni-d.  By  the  Himple  means  which  have  been  de- 
scribed, a  clothing  of  vegetation  is  speedily  furniabed  to  the 
bamed  district ;  the  unHightUneaa  of  its  appearance  is  tbtu 
removed,  abundant  supplies  of  food  are  famished  to  a  great 
variety  of  animals,  and  tlie  fertility  of  the  soil  is  preserved, 
until  a  new  forest  has  time  to  overspread  it. 

With  tlic  smaller  plants  which  first  cover  a  burned  district, 
groftt  uumbei-^i;  uf  seedling  trees  spring  up,  and  these,  thongli 
for  a  few  years  not  very  oonspicuouB,  eventually  overtop,  and, 
if  numerous,  ftuffocate  the  liumbler  vegetation.  Many  of  these 
young  troes  aru  uf  the  Hpecies  which  compoiied  the  original 
wood,  but  the  miuority  are  usually  different  from  the  fomer 
oi-cupants  of  the  soil.  The  ori^nal  forest  may  have  conainted 
of  white  or  red  pint-;  black,  white,  or  hemlock  spruce; 
maple,  beech,  blnck  ur  yellow  birch,  or  of  otJier  trees  of  large 
dimcninioiis,  and  capable  of  attaining  to  a  great  age.  The 
'■  jsewnd  growth"  which  succeeds  these,  usually  consiat*  of 
poplar,  white  or  poplar  birch,  wild  chen-y,  balsam  fir,  ocrub 
pine,  alder,  and  other  trees  of  small  stature,  and  usually  of 
rapid  growth,  which,  in  yood  soils,  prepare  the  way  for  tlic 
Iiirgei-  I'orcttt  trees,  and  occupy  pei-niauently.  only  the  leiw 
fertile  soils.  A  few  examples  will  shew  the  contrast  which 
thus  appears  between  the  primeval  forest  and  that  which  suc- 
ceeds it  after  a  fire.  Near  the  town  of  Picfcou,  woods  chiefly 
consisting  of  beech,  maple  and  hemlock,  have  been  stiec««dcd 
by  white  birch  and  fir*.  \  small  clearing  in  woods  of 
nnjHiecch  in  Nciv  Annan,  which,  thirty  years  ago,  was 
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cultivation,  io  now  thickly  covered  with  popIa.rH  tliirty  fcot 
in  lieij;ht.  lii  Prince  Edward  Iidaud,  &ie  hardwood  foresU 
have  been  succ<>etled  \iy  fir  and  spi-uce,  Thu  pine  woods  of 
Miratuiclii,  dusti-ojcd  by  ihe  great  lii-i:  above  referred  to,  have 
been  followed  by  a  second  growth,  principally  coni|)oi(vd  of 
white  birch,  poplar,  and  wild  cherry.  When  1  visited  this 
place,  a  few  yeai-s  eincv.  tlic  Mocond  growth  had  attained  to 
oearly  half  the  height  of  tho  dead  trunks  of  the  ancient  pines, 
nhich  \vere  Btill  standing  in  groat  numbers. 

As  already  stated,  the  second  growth  almost  always  in- 
cludes many  trees  similar  tu  Miu»e  which  preceded  it,  and 
ffhen  the  smaller  trees  have  attained  theii-  full  height,  theae, 
sad  other  U'eea  capable  of  attaining  a  greater  magnitude, 
overtop  tlieia.  and  finally  cause  their  death.  Tho  forest  haa 
then  attained  its  last  stage,  that  of  perfect  renovation.  The 
cause  of  the  last  part  of  the  procesi^  evidently  is,  thai  in  an 
old  forest,  trees  of  the  largest  hikq  and  longest  life  have  a 
tcndvncy  to  prevuil,  to  the  exclusion  of  others.  For  reasons 
wliivli  will  be  afterwards  stated,  thift  last  stage  is  rarely  aA- 
t«iiied  by  the  burned  forests,  in  countries  beginning  to  be 
vccupied  by  civilized  man. 

In  accounting  for  the  presence  of  the  seeds  necessary  for 
the  production  of  the  (tccond  growtli,  we  may  refer  to  tiie 
Mime  causes  which  supply  the  seeds  of  the  smaller  plants 
appearing  immediately  after  the  fire.  The  seeds  of  many 
fijr<;nt  tri^s,  especially  the  poplar,  the  birch,  and  the  firs,  and 
spruces,  are  furuishiid  ^ith  ample  means  for  theii-  convey- 
ance throngh  the  air.  The  cottony  pappus  of  the  poplar 
seems  especially  to  adapt  it  for  this  purpose.  The  seeds  of 
tlie  wild  chei-ry,  another  species  of  frequent  occurrence  in 
v-oods  of  the  second  gi-owtb,  is  dispersed  by  birds,  which  are 
fond  of  the  fi-uit ;  the  same  remark  applies  to  some  other 
fruit- bearing  species  of  less  frequent  occurrence.  When  the 
seeds  that  arc  dispersed  in  these  ways  fall  in  the  growing 
woodSt  they  cannot  vegetate,  but  when  they  are  deposited 
on  tho  comparatively  bare  sui-face  of  a  ban-en,  they  readily 
grow  ;  and  if  the  soil  be  suited  to  them,  the  young  plants 
taoroauo  in  site  tvith  great  rapidity. 

It  is  possible  however,  that  the  seeds  of  the  trees  of  the 
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llecond  {p-uwtli  mihy  bo  alrcnd)-  in  Ute  soil.    It  liaa  beeu  alivailj  h 

[st«UHl,  tliut  difpty  buriod  tubers  aometitufia  escape  tbe  effeoM 

^of  liro,  Hiid.  in  the  nauie  manner,  seeds   imbedded  in  tin 

v(;g«bibli-  niuuld,  or  buried  in  ci-adle  hills,  may  retain  tfaeiM 

I  vitality,  and  being  supplied  by  the  ashes  which  cover  Una 

'ground,  with  alkaline  solutions  weU-fitt«d  to  promote  Ui«rl 

vegvtattun,  niny  npriiif;  up  before  a  supply  ol"  seed  couM  tel 

fUrnislitrd  frout  any  vxtruucoos  source.     It  is  even  probablal 

thitt.  many  of  the  old  forcst«  may  ali'eady  have  passed  throu^  I 

a  mtation  nlniilar  to  thut  ubovo  detailed,  und  that  the  seeds  I 

deposited  by  fonncr  prc-paratory  growths  may  retain  tlitir  I 

vitality,  and  bo  calU-d  into  lift.-  by  the  favourable  conditioni  I 

existing  nrt>;r  a  iire.     Thix  w  a  point,  however,  requiring  furl 

its  esttahltshtnent  it  HCrics  of  expvrimunts  which  1  bave  twW 

yet  been  tAAv  to  tindortake. 

If,  as  already  Huggestcd,  forest  fires,  in  th«  uncultivated 
Btat«  of  the  country,  be  a  provision  for  removing  old  and  de- 
caying forests,  then  such  elianges  as  those  nbove  detailed, 
must  have  an  important  uHe  in  the  economy  of  nature,  sincir 
by  their  means  different  portions  of  the  connti-y  would  succeed 
L «aeb  other  in  assuminjs;  the  state  of  "ban-ens,"  producing 
'  abundance  of  herbs  and  wild  fruits  suitable  for  the  sustenance 
of  nuimiUs  which  could  not  subsist  in  tlie  old  forests ;  and 
tliese  gradually  becoming  wooded,  would  keep  up  a  succes 
sion  of  young  and  vigorous  forests. 

Thifdlg,  The  process  of  restoration  may  be  interrupted  bj 
Bueeessive  6res.     These  are  most  likely  to  occur  soon  sfle 
tlie  first  burning,  but  may  happen  at  any  subsequent  stagej 
The  reaonrces  of  nature  are  not,  however,  easily  exhnustedJ 
When  fires  pass  tlirough  young  woods,  some  trees  alwsyn 
escape ;  and  so  long  ns  any  vcgctnbk-  «oil  remains,  young 
plants  continue  to  spring  wp,  though  not  so  plentifully  as  at 
first.     Repeated  fires,  howevei-,  gwatly  impoverish  the  aoil^ 
since  the  most  vaitiHblc  part  of  the  ashes  is  readily  removed 
by  rains,  and  the  veget^ible  mould  is  ontij-ely  consumed.     la — 
tliis  case,  if  the  ground  he  not  of  great  natural  fertility,  itfl 
becomes  incapable  of  supporting  a  vigorous  crop  of  yoang 
trees.     It  is  then  permanently  occupied  by  shrubs  and  hei"- 
l>ai'«ous  plnntK:  at  leni«t  these  remain  in  exclusive  iwssession 
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Uit?  aoil  for  a  long  ponoti.     In  this  state,  the  bnm«(l  (rrouix) 

usuhII y  cuiisidcrtrd  n  iicntinneut  bnrrvn ;  n  name  which  dom 

not,  bo^revf-r,  well  vxprt^sK  itn  uharnctcr,  for  though  it  any 

appear  bleak  and  dvsvlatv  when  vietved  from  a  distance,  it 

in  A  pt'rfvct  gunlvii  of  flowoting and  fruit- bear ing  plants,  and 

(if  baiatiful  intwiiOH  and  lichens.     There  aref«w  pcriwnH  tiorti 

the  Anjcrii-an  colonit'«,  who  cannot  ret-al  the  memory  of 

ly  youthful  days  jiiiciit  in  gathering  flowers  and  borrictt 

in  the  bnrnt  bwrrens.     Motit  of  the  plantii  already  referred 

to  aa  appearing  soon  after  firen,  eontinue  to  grow  in  theao 

more  permanent  barrt-n;*.     bi  addition  to  these,  however,  a 

^at  variety  of  other  plants  gnidually  appear,  enpeeiatly  tbe 

Kalmia  aiigtittti folia  or  ahve]}  laurel,  which  often  becomes 

Ae prcdoiuinant  plant  over  large  tracts.     Cattle  stnvying  into 

the  barrens  deposit  the  seeds  of  cultlvu.ted  plants,  as  the 

gn»»es  and  clovers,  as  well  as  of  many  exotic  weeds,  whioh 

oft«n  grow  as  luxurinntJy  as  any  of  the  native  plants. 

Lantltf,  When  the  ground  is  permanently  occupiwl  for  agri- 
cultural purposes,  the  reproduction  of  the  fore^  is  of  Ct>urs« 
entirely  prevented.  In  this  case,  the  greater  number  of  tho 
KNiallcT  p1ant>4  found  in  the  barrens  disappear.  Some  spedea 
of  the  Solidago  and  Aster,  and  the  Canada  thi.4tle.  &»  well  as 
a  few  smaller  plants,  remain  in  the  fields,  and  sometimes  be- 
come troublesome  wued^  The  umst  injurious  weeds  found 
in  the  cultivated  ground,  are  not.  however,  native  plants,  but 
foreign  s'poeies.  which  have  been  introduced  with  the  culti- 
vated grains  and  graHnes  ;  tlie  ox-eyed  daisy  or  white  weed, 
and  tlie  erowsfoot  or  buttercup,  are  two  of  the  most  abundant 
of  tbc»c.  • 

When  a  dtatriot  haa  undergone  the  last  change,  when  tlie 
sombre  woods  and  the  sliad^-loving  plants  that  grow  beneath 
tliem,  have  given  place  to  open  fields,  clothed  with  cultivated 
plants,  the  ntetumoq>hosis  which  lias  taken  place  extends 
in  its  elfecU  to  tho  indigenous  (inimals  ;  and  in  this  depart- 
ment, its  effects  arc  nearly  as  conspicuou)<  and  important  as 
ID  relation  to  vegetation,  Some  *vild  auimals  are  incapable 
of  acconiniotlating  themselves  to  the  change  of  eircum.ttances  ; 
utliers  at  once  adajit  tliemsclveit  to  new  mode»i  of  life,  and 
increase  greatly  in  numlicr.".     it  was  before  stated   that  the 
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bwreiw.  wfam  dodied  with  abrabft.  vuung  treea,  and  heti>- 
liMUiM  planu,  wffre  in  a  eoodjtian  hi^ly  favoanble  to  11» 
BOpport  at  wild  smmalB :  and  perhaps  there  an>  few  spraa* 
which  oiald  not  rabsist  more  euiljr  in  n  country  at  UmI 
partuUj  ia  thu  state.     For  this  r«*M>D,  tb«  trsasition  of  a  j 
oooBtrjr  from  thofore»taUt«  to  that  of  burned  barrens  Utem- 
porarily  ^TooiaUe  to  many  species,  wbidi  disappear  before 
the  progmt  of  etUtivntion  :  and  this  would  be  more  eridest 
Ihan  it  i#.  if  Earopoan  ccdaoiaation  did  not  l«nd  to  produce  a 
mora  di-stnictire  warfare  agatmt  sndi  spcdea  than  could  b« 
carried  oo  hj  the  Aborigbea.    The  mffed  gronae,  a  tnljr 
woodland  bird,  btooioa,  whan  unraoleated,  more  numeroni 
on  the  margins  of  barrciis  and  clearing  iboo  iu  other  pam 
of  the  woods.     The  hare  multiplies  exceedingly  in  young  M* 
growths  of  birch.     The  wild  pi;;eon  has  it«  favourite 

^TNOrt  in  th«  barrens  daring  a  great  part  of  the  »uumer.  The 
mooM  and  cariboo,  to  summer,  find  better  suppUeit  of  food  In 
second  gronth  and  barrens  than  in  the  old  furestd.  The 
large  c)ttantitie5  of  deca>-ing  wood,  left  by  fires  and  wooJ- 
eult^rs,  alTord  more  abundant  means  of  substsleace  to  thi^ 
tribe  of  woo<lpeck«Ri.  Many  of  the  By-catchers,  vrarblerB, 
thrash«a,  and  sparrows,  greatly  prefer  the  barrens  to  moat 
other  placwt.  Carnivorous  birds  and  ()uadrupeda  are  fouod 
in  such  places  in  numbers  proportioued  to  the  supplies  of  food 
which  they  aflonj.  The  number  of  iustani-es  of  this  kind 
niiglit  bcinvrvased  to  a  great  extent  if  necessary  ;  enough  hu», 
however,  been  stated  to  illustrate  the  fact. 

Nearly  all  tlie  animals  above  noticed,  and  nuiny  othen, 
disappear  when  the  country  becomes  cultivatct).  Thcro  are. 
kovrever,  other  species  which  increase  in  numbers,  and  at  once 
adapt  tfu-msi-lvt-s  to  the  new  conditiunti  intro<liicod  by  man. 
The  robin  (TurJua  migratoriHs)  rewjrtB  to  ui»!  derives  ilssub- 

^Bietence  from  tke  fields,  and  greatly  multipliea,  though  inucb 
pvrsecutod  by  eportsmen.  The  Fringilta  nivalis,  a  summer 
bird  in  Nova  Scotia,  becomes  very  familinr,  building  in  oul- 
bouMst,andrre4iuontiDgbams  in  search  of  food.  The  song  spar- 
row and  Snviuinah  finch,  awarm  in  the  cultivate<l  ground.  The 
yellow  bird  [Sylvia  *»tiva)  b«?c«nie«  very  riuuitiar,  often  build- 
ing in  gurdtina.    The  golden-iviiiged  wood]>ecker  iv sorts  to  the 
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tivat«d  fields,  picking  gruba  and  worma  from  tlie  ground. 
Tke  cliff-swallow  exchanges  the  faces  of  rooks  for  the  eaves  of 
bitros  and  huttsos,  and  the  bnnt  and  chimney  sn'nllun-s  are 
cverj'whtTc  rt^udy  to  Evoil  thenii<i-Iveft  of  tht-  accommodation 
afforded  by  building*.  The  acndiiui  ni-  little  owl  tnnke»  its 
abode-  in  barn»  during  winter.  The  bob'lincoin,  the  king  bird, 
the  waxwiug  or  chon-y  bird,  and  the  humming  bird,  arc  among 
tlie  speuicR  which  profit  by  tJic  pi-ogrcss  of  cultivation.  The 
larger  quadrupeds  dieappear,  but  the  fox  and  ermine  atill 
prowl  about  the  cultivated  grounde,  and  the  fiold-monse  (Ar- 
vicola  Penney  I  vunica)  which  is  very  abundant  in  some  parts  of 
tlie  woods,  is  equally  so  in  the  tieldH.  Many  iusecte  are  vnt^tly 
incrensed  in  numbers,  in  consequence  of  the  clearing  of  the 
forests.  Of  this  kind  ai-e  the  grasshoppers  and  locusts,  which, 
in  dry  seasons,  are  very  destructive  to  grass  and  grain ;  tlie 
frog-spittle  insects  (Cercopis)  of  which  several  species  are 
found  in  the  fields  and  gardens,  and  are  very  injurious  to  vo- 
gctation  ;  and  the  lepidoptera,  nearly  the  whole  of  which  find 
greater  abundance  of  food  and  moit*  favourable  conditions  in 
the  bunied  barrens  and  cultivated  fields,  than  in  Uie  growing 
woods.  It  may  be  remarked,  in  general,  tliat  there  is  no 
iLiiimal,  frequenting  in  Europe  the  cultivated  ground.*,  and 
either  beneficial  or  noxious  to  man,  which  has  not,  in  the 
indigenous  species  of  America,  an  exact  representative,  fill- 
ing ltd  place  in  the  economy  of  nature,  and  often,  in  a  na- 
tural historical  point  of  view,  closely  related  to  it.  This  re- 
sults from  tlie  general  sameness  of  arrangement  in  the  sys- 
tem of  nature  in  the  old  and  new  world ;  and  if  studied  in  its 
details,  %t'ould  form  a  subject  of  great  interest  to  the  zoolo- 
gist nod  physical  geographer. 


I 


the  Tertiarles  of  the  latand  of  Cos.    By  ProfesaoP  EuWABD 
FoBBES.    With  a  Plate  of  Fossil  Shells. 

When  describing  the  fresh-water  tertiarien  of  the  valley 
of  the  Xanthus,  we  referred  to  similar  tertiai-ien  in  the  island 
of  Cos.      Thetc  "fci'u  visited  by  us,  on   our  voyage  from 

^odcM  to  rejoin  the  Heacon,  aftw  leaving  Lyi'iu.    They  pi-e- 


272 


PMfasaor  Edward  Forbn  <m  the 


Rcnt  phttnonittDA  uf  Htrikin^  interust  and  importamM ;  and  u 
they  tN>&r  on  the  quosUon  of  tti«  poAHibiliiy  of  •  U-udmhuU- 
tioQ  of  HjiecioR,  we  coiinot  do  beUvr  than  iip)»m<)  n  notice  <i  I 
tlitni  to  this  acc-oant  of  the  geology  of  Lycin. 

Tbe  fresh-water  tertiaries  of  Cm  are  of  considerable  ex- 
tent. They  appear  to  belong  to  tbe  same  geologit^al  pertod 
nitb  those  of  the  valleys  of  Xanthus  and  Cib\Ta.  We  Itatt 
seun  that  thoHe  Lycian  fresh-water  bedii  were  of  date  poste- 
rior to  the  miocetic  marine  formations  of  the  same  region- 
Thus  wo  got  an  aiitcdatv ;  and  in  Cos  we  get  a  distinct 
afterdate,  for  (here  tlic  mme  bods,  or  what  were  probably 
beds  'if  the  same  age.  form  (be  walls  of  a  tertiary  baein  of 
later  date.  This  basin  consists  of  a  weU-de6ned  series  of 
niarinp  dopOKits,  contAtning  nuiiieroiu  newer  pliocene  fo«tti1s. 
ideiitiral  with  tliose  of  Rhodes  and  uf  Sicily.  The  Cos  fresh- 
wat«.T  beds,  and  those  of  Lycia,  may  therefore  be  regarded 
aH  older  pliooene  at  latest. 

The  fossils  in  Uie  newer  pliocene  marine  formation  are  ex- 
tremely numerous,  both  as  to  species  and  individuals.  They 
eonHist  of  such  testacea  as  now  live  in  the  neighbouring  sea, 
mingled  tvilh  others  extinct,  or  known  only  as  iohabitajita  of 
tbe  Red  Sea  and  Indian  Ocean.  Many  species,  too,  now 
very  rare  in  tbe  neighbouring  seas,  such  as  Naasa  Mmialrtala, 
and  Sttiyuarta  aftguiua,  are  abundant  in  the  fossil  state, 
wliiljtt  uthei-rt  now  plentiful  in  the  M^e&n  are  very  seaivc  in 
the  tertiarifs.  Such  shells  as  the  Phonu  and  the  Xirt>  eon- 
npicuouHly  repres(-nt  the  extinct  forma. 

In  tbe  fresh-water  strata,  against  which  tho  marine  newer 
pliocene  bt-ds  abut  nnconformably,  as  represented,  A  and  li, 
Plate  111.,  ttierc  are  altio  numerous  and  well-preserved  fos- 
biIh  ;  slicll.i  iif  Palttrlina,  Neritiiia,  Mffanopfif,  Melania,  Vol- 
rata,  tfnio,  Cgclaf,  and  Ptanorbis,  occur,  marking  the  nature 
of  the  deposit.  With  them,  teeth  of  a  cyprinus  were  found  ; 
also  leaver  and  stems  of  plants  ;  and  io  the  uppurmost  stra- 
tum shells  of  the  common  cackle. 

The  great  intercut  of  th\*  formation  depends  on  certain  ajt- 
pearances  pitiscnted  by  tbemiiUiiHoa  of  thegerem  Paluttina, 
Melano/nU,  and  Nrrttimt,  foimd  in  gi*eat  quantities  in  several 
|Nirta  of  it.     They  occur  distributed  in  distinct  horizons, 
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Ibroughout  Uie  vertical  thickiteM  of  ilie  Kcvtion.  These  ho- 
■Enms  form  thive  Bcricit,  «acli  »f  which  is  chiimcti«ria«il  by  a 
BlcuHiu-  form  of  Patudina  and  of  Neritina,  not  present  in  the 
^th«r  two ;  and  in  the  two  lower  horizons,  there  are  two  apc- 
ci«B  of  Melanoptu  peculiar  to  each. 

So  Tcrjr  different  arc-  Ui«  several  fottsiU  of  one  zone  from 
tlione  of  another,  that  at  first  vxninination,  we  appear  to  have 
before  u.-t  very  distinct  and  wvll-niarkf^d  ttpecies :  and  that 
each  series  of  horizons  wan  clinractorised  by  Paludince,  Neri- 
linee,  ftn<i  Afelaii'ipaidBn,  peculiar  to  itself,  and  rejireseutative 
of  tliosc  inlmliitiiig  the*  othi;i-  divisions.  This  would  be  a 
very  startling  phenomenon  to  occur  within  so  limited  nn  area. 
If  the  Buccensive  specicB  be  considered  distinct,  we  must  re- 
gard them  as  mutually  repreBentative,  and  hold  tbat  a  suc- 
onsion  of  creations  and  extinctions  took  place,  in  this  pni- 
bably  limited  basin,  ilunng  a  brief  geological  period,  or  else 
tbat  »  transmutation  of  species  took  place. 

A  careful  study  of  the  forms  in  (lucsttou.  and  an  inquiry 
ioto  the  modes  and  capacity  of  vai'iation  of  species  in  the 
genera  to  whicli  tliey  belong,  and  among  their  allies,  have 
oonvinoed  us,  however,  that  those  curious  changes  of  foi-m 
may  be  accounted  for  othcrwine  ;  and  that  in  the  successive 
Patuttiitr,  Nenfiniz,  &e.,  wc  havo  before  us  only  the  same 
8p«cic8  assuming  protean  variations.  By  reference  to  the 
figtircH  in  Plate  III.,  it  will  be  seen  that  the  Fa/Hilin/t  and 
NerUinie  of  the  fii-st  or  lowest  zone,  have  smooth  and  un- 
wrinkled  shells  ;  that  those  of  the  second  have  their  shells 
beltod  by  a  stKmg  fold  or  coiTugation  ;  whilst  those  of  the 
uppermost  zone  are  deeply  aidcated.  and  sniTounded  by  strong 
spiral  ridges. 

Such  changes  of  form  take  place  among  Littorinu:!  and  Ne- 
ritiDEe,  even  now.  in  places  where  alternatiims  of  freah  and 
sale  water  affect  the  mollusca.  and  in  brackish  water  locali- 
ties. There  are  phenomena  in  the  Cob  beds,  which  warrant 
us  in  referring  the  remarkable  peculiarities  of  the  fossils 
Uiercin  found  to  a  similar  caui«e.  Thivt  nn  Influx  of  salt 
water  changed  the  ehuriicter  uf  the  basin  in  which  they  lived 
towards  tJie  close  of  its  existetice,  is  evident  from  tlie  pre- 
senoe  of  the  Cardium  edule  in  its  uppei'uiost  part.    That  somu 
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»uch  cauae  liad  previously  been  to  action,  U  probable 
the  fact,  that  tfav  [luliiiouifoi-ous  t«Bt«««»  fouiiil  in  this  for 
twn  ore  conlined  to  the  lowest  series  of  borizona.     One  of 
the  autliorii  has  elo^wher^  sliewn,  that  no  species  of  molluw^ 
con  live  for  any  Icnji^i  of  time  on  the  name  {ground- 
Lfibange  of  ground  in  iiot^csitary  for  it«  pirosperitv.  uthvrwis 
Fit  dies  off.     But,  iM  tiiu  fry  of  uvi.n)  thu  mo«t  itcduntury  Wit 
cea  are  active  creatures  of  a  different  form,  oi-^nitt«d  fo 
Bwiinming,  when  all  Itie  adult  animals  upon  a  ground  ar«  do 
stroked,  their  descendantH  may  Hur\-iv<?  (heir  deittrucUoit,  mm 
replaca  th«ni,  providing  the  ground  be  sufficiently  chani 
during  the  interval. 

Xow  tiR-sc  two  SMA»,jSr$t,  of  the  nature  and  causes 
the  variations  among  such  testocea  ox  prt.-M!nt  Hucb  curious 
changes  of  form  in  the  Cos  fresh-water  bodn ,  and,  tecond, 
of  tlie  necessity  of  a  change  of  ground  for  tli«  well-being 
a  species,  and  the  manner  in  which,  owing  to  tho  nutur« 
thi;  larva,  such  change  may  be  effected  on  the  same  spoti] 
have  led  us  to  propose  tlie  following  solution  of  tliv  Oo!i  pr 

The  lowest  scries  of  hori»>n3  were  depositutl  in  the  basin 
when  it  was  purely  a  fresh-water  one,  and  in  it  wv  found  the^J 
Paludinte,  &c.,  in  their  normal  condition,  associated  witli  or-9 
dinary  freeh-water  mollusca.     These  latter  are  killtM]  off  by 
nn  influx  of  snlt  wftt«r,  sufficient  to  render  the  basin  slightly 
hrnckish.     This  influs  tttkcs  placv  at  a  time  when  the  mol- 
luscs of  the  uppermost  horizon  in  tlie  lowest  series  have  ez<^| 
haiiBted  their  gi-ouud,  whilst,  »t  the  same  time,  their  fry  ai« 
swimming  in  the  manner  uf  Fterupud^  through  the  waters. 

The  adults  are  destroyed,  but  their  descendants  survive^! 
so  alTected,  however,  by  the  chtinize  in  the  condition  of  (he 
element  as  to  assume  a  new  fui-m,  u.nd  develop  themselves, 
under  the  aspect  of  distinct  species.     A  second  rvvolntion  > 
the  same  kind  brings  about  a  third,  still  more  ruinnrkable 
and  apparently  equally  sudden,  change,  and  the  continued^ 
iin-oads  of  the  sea  at  lengUi  revolutionise  the  character  of 
tin-  fatnia,  introdiiee  marine  testftcea  in  tlic  place  of  the  fresli*4 
water  species,  and  desti-oy  the  latter  altogether.    Such  an  exJ 
planation  is  oousisteot  with  what  wo  now  know  of  the  modeol 
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'  vorifttjon  nmoDg  frcHh-wat«r  moUusca,  and  accounts  suffi- 
enUy  for  a  very  romnrkablc  paliEiontologiriil  plieiionieiion, 
which.  At  first  gliinof.  appeared  to  afford  Hti-ong  HHp]K>rt<  to 
be  notion  of  a  ImnKtmutjition  of  ajiodcn  in  time. — TraveU  in 
fna,  by  Profestor  Etliotrd  Forbra  and  Lieut.  T.  A.  S.  Sprall, 
t.K.,  vol,  ii.,  p.  199. 


Anafym  of  Potterg  made  bn  the  Red  Tndiant  of  Korlh  Ame- 
Ttea.  By  Mr  JoHS  Macadam  of  Glasgow,  Labomtoi-y- 
ABsifitant  to  Or  GEORriE  Wilbon,  F.R.S.E.,  Edinburgh. 
Communicated  by  the  fioyal  Scottish  Sodflty  of  Arts.* 

The  following  ia  the  analysis  of  a  apecimeit  of  North  Ame> 
icnn  pottery  sent  from  the  neighbourhood  of  Peterborough, 
Canada  West,  to  Di-  Wilson,  ft'om  whom  I  received  it.,  and 
whoae  laboratory  the  analysis  hereafter  detailed  was  per- 
imed. 

Large  quantities  of  broken  clay  vessels  are  frequently 
d,  being  either  turned  up  by  the  plough  in  tho^e  partn 
fif  the  country  under  cultivation,  or  else  found  imbedded  in 
lounds  of  eai-th  in  tlio  interior  of  the  forests  in  the  vicinity. 
'Iiicb  were  at  one  time,  and  many  parts  of  which  are  at  prc- 
♦nit.  inhabited  by  the  O-tibbeway  or  Chippewa  Indians. 
In  all  probability,  the  subject  of  thlB  commuoicatjon  was  the 
lanufacture  of  that  tribe. 

Before,  however,  detailing  its  chemical  composition,  it  will 
Ik  interesting  to  know  something  of  its  physical  characters, 
the  most  prominent  of  which  are  as  follows. 

The  potteJ'y  ia  of  a  brownish-black  colour,  tJie  outer  Bur- 
fttce  being  somewhat  reddish.  It  is  exceedingly  hard  and 
diflicalt  to  fracture.  The  original  form  of  the  vessel  cannot 
traced :  it  would  appear,  however,  to  have  been  of  cons- 
iderable dimensions,  if  we  may  judge  from  the  shape  of  its 
few  remaining  fragments. 
The  veitsel  is  ornamented  around  the  sides  with  a  design, 
ich  has,  no  doubt,  been  taken  from  nature  ;  it  somewhat 
cmblcs  a  pinnate  leaf. 
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Tbe  Mirface  is  also,  almoMl  completely  cover«l  wiUi 
like  Bcratcbes  crowing  eocli  oUier,  furtoing  a  Itinfl  of  DM- 
work  wtiich  I)r«  wKli-ntly  bi-vii  tlono  with  llio  band,  aided tf 
Bume  rudf  inHtruinviit.  Tbia  omHmcnijil  iippesraoce  rewm- 
blea  somewhat  to  stjrle,  that  wbicb  eiista  upon  tbe  poUnj 
Docaaionitlly  found  tii  tbo  Druidicftl  tumuli  of  our  own  coostry. 

Tburo  are  little  diKtiuct  colourlem  particlos  distribaled 
tbroujii^ut  itK  mftRN,  in  »ize  from  about  f^,th  to  g^^tli  of  to 
inch  in  dinmctor.  Tliese,  when  examined,  were  found  to  be 
pure  ailicA.  It  would  nppoar,  timt  tlienc  bitd  bvon  ptirpooeljr 
introduced  into  tbc  mixture  of  vrbivh  the  pottery  wa»  niAdr, 
And  that  they  were  obtained  by  the  pulveriuittoo  of  qtiartx. 
or  some  otbur  natural  vftnety  of  8ilirA. 

OrjBfnniv  matter  in  pruttent  to  a  (^nuiderable  extent,  and. 
froai  ittt  general  dilTuHlon  throughout  the  maaii,  would  i«enn 
to  liavG  been  aitded  in  order  to  iucreaae  the  adheiiivenesH  nf 
itH  particIeR.  In  the  tiahylonian  and  Egyptian  ttun-bumt 
pottery,  atran  was  employed  for  this  purpose.  The  orf^ie 
matter  present  in  Uic  American  earflienwai-c,  howorer.  dif- 
fers from  that  prcincnt  in  the  ancient  Asiatic  and  Afnciui 
bricks,  by  its  being  delicntcly  (ibroutt,  tliough,  like  tbe  or 
nic  matter  present  in  tlie  Babylonian  and  Egj-ptian  varit 
it  18  of  vegetable  origin. 

A  portion  of  tbe  pottery  was  submitted  to  qualitative  cbe 
micAl  analysis.     Its  cnstituenttt  were — 

t  Water. 

Orgmio  Matter. 

Osiiles  of  Iron. 

Alumina. 

Lime. 

Mngnoiia. 

Witb  traces  of  Potash  and  Soda. 

The  respective  quantities  Wi  these  ingi-cdients  trerc  then  de- 
termined in  the  uimat  manner,  vix.  :— 

A  portion  of  tbe  powdered  material  was  fused  with  an  nl- 
kaline  carbonalo.  The  silioii  was  separated  from  the  fuW 
mass  by  tiie  addition  uf  hydrochloric  acid.  From  the  auid 
solution  containing  the  soluble  mutters,  the  sesquioxide  of 
iron  and  alumina  weru  jointly  prceipitatcd  by  ammunia.  Tiit 
j^umina  was  reuioved  from  tht'  ttt-squioxidc  by  boiling  in  pot' 
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Il,  an4  sfCerwardH  rcprec-ipitat^d  from  its  stute  of  solation 
Adding  chloride  of  ammonium. 
The  lime  present  was  precipitated  aa  oxalate ;  this  was 
coRTRrtfld  into  tlie  carbonate  by  ignition,  and  estimated  as 
tit. 

I  magnciiia  was  precipitAt«d  as  the  ammoniocal  pkos. 


(2  Mg  0  NH  '  O  P0\) 

ja,  after  ignition,  was  coUect«d  as  the  biboeic  phosphate 
hJIg  0  PO'). 

Tlic  wat^ir  and  organic  mntlcr  were  estimated  according 
to  the  uHtial  rnQthudn. 


Raitlu  of  AiMlytit. 

WatOT,         .... 

1'36 

Organic  MatUr. 

5-93 

Silicin  Acid, 

e*80 

SMquioxide  of  Inn, 

U-30 

Alnminii          .                   .                   .                  ■ 

9-93 

Lima,           .... 

4-39 

Mbkhokui     .             •             .             . 

1-48 

^llulie*  (Potajsli  anil  Soda), 

Tncef. 

lOS-15 

The  increase  hero  rcprcspntod  may,  to  a  great  extent,  be 
scconnted  for  by  the  fact,  that  nearly  all  the  iron  exists  in 
the  pottery  as  protoxide ;  whereas,  during  the  analyttis,  it  was 
converted  into  the  HeRquioxide,  and  weighed  as  such.*  If  the 
quantity  of  iron  present  had  been  calculated  as  protoxide 
(wbich  would  be  much  nearer  the  truth),  its  amount  would 
iiaro  been  146  less  than  that  stated  above,  wbich  would  re- 
Tluce  the  amount  of  ^aiu  during  tlio  analysis  to  09. 

ll.  is  probable  that  tJiis  pottery  was  not  made  from  the  use 
of  any  one  mutcrial  found  native,  but  that  it  was  manufac- 
Hrcd  from  a  mixture  of  pulverised  silica,  fcn'uijiuijus  clay, 
HQ. organic  matter ;  the  silicic  acid  of  which,  ai't(.-r(vards  com- 

t 

H^P  It  ^ipurnl  more  i1«airnblp  to  co!l*ct  all  thg  Iron  proMnt  »  tlio  UMijui- 

^aMf,  than  trmt  W  ilie  ipi-niney  of  miy  of  Iho  prooessM  extiuit,  for  <lMi»mui> 

log  (Iw  lupcotive  i^iuialit}  of  v<uh  uiitlr  trhpu  Iiotli  >r*  prucent- 

■fcpL.  XLU-  HO.  t,TJ.\rr. — APRIL  1847.  t 


278 


On  the  Min/meao  qfth*  Gojfanue. 


f 


bincd  with  th«  lime,  mngiieajai  JUumino.  ap^d  api^L^B  of  Iha 
iron,  forming  silicates. 

It  wt^uld  alfvO  appear,  frQin  the  xnutll  (^ttantit;  of  iron  exist- 
ing in  the  alate  of  »esquioxide,  and  from  the  pi'C!i«ence  of 
organic  matter,  that  the  heiit  employed  for  the  purpoee  of 
drying  or  hukiog  tlic  ])ott«ry  y«*  of  no  high  bemperstAirie. 

If  the  heat  ha<l  approached  in  temperature  Uuit  of  our  [iqU 
tery  kihiA,  the  <Inrk  grt'en  protoxide  of  iron  would  haw  Imd 
for  the  greater  part,  if  not  totally,  converted  into  tlic  ml 
ieiMjIiioxidc ;  and,  moreover,  the  or^^ic  matter  would  lisre 
been  diHsipaled.  Thi^  effect  may  be  ohKerved  iu  tlic  cUf 
jam,  bricks,  he.,  monufitctiu-ed  in  this  country.  A  comnHo  I 
wood  fire  waa  pi-obahly  the  only  source  of  heat  the  Ojiblw- 
ways  liad  at  command ;  which  being  in  contact  only  witit  ilw  i 
outside  ^f  the  rensel,  has  confined  its  cliemical  acUoD  to  tliat 


Lamkav^v.  34  SftowK  SitcAnK,  EDisiitrMia, 
IktHnber  ISte. 


On  the  Mmhoeao  of  the  Gvyatuse,  an  eaormota  njiecia  of 
Ltpidoairm."    By  M.  Augu&te  ne  Saiht  Hilaiiib, 


Luuc  Antonio  A^  Silira  e  Souita,   whose  acquaintance  1 
ade  duiing  my  travels,  and  to  whom  we  owe  the  most  v«lt»- 
■bic  rescareheH  on  the  history  and  statistics  of  Ooyaz,  sayv 
in  speaking  of  the  lake  of   Padre  Aianda,  stliia,^ed  in  thi 
vast  proviiiee,t  that  it  is  inhabited  by  minhocdcsit  llien  b^ 

adds  that  lliese  mousteis — it  is  thus  he  expresses  himself 

dwell  in  the  dwpest  parts  of  the  lake,  and  have  often  drawn 
]b(»rscB  and  horned  cattle  under  the  n'aiej-.§     The  )odu$tnous 
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'  Tbii  notice  1i  Uben  rromaa  unpubtlalied  work  on  the  province  «F 
+  Tlie  prorinp*  of  Goyiii  atrniiilii^  from  noariy  6"  ja*  lBtttnd» 
tht  22il  dii)(r«c,  nnd  u  grrutcr  llwii  Fraiivc. 
1  Plural  of  Mlnhoi-nu, 

i  SM'  Mitinvri»  SmIm  v  ivivaXirmettlc,  etc  lU  ctjiitania  do  Oo}«i,  la 
'  PUriiPlA,'  1814. 
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nrro,  who  i»  so  well  acquainted  witli  all  (kat  relates  to 
Bnail,  mentions  ncurly  tliA  «aino  thing,  and  pointa  out  the 
lake  Feia,  which  is  likewise  situated  in  Ooyux,  us  also  being 
inhabited  by  tninhococs.* 

I  had  already  heard  of  theee  antmala  sorcral  times,  and  I 
considered  them  as  fabulous.  When  the  disappearance  of 
faorses,  mules  and  cattle,  in  fording  the  rivers,  was  c«rtiGed 
by  to  many  pt.TSOits,  it  became  impossible  for  me  to  doubt  It 
altogetht-r. 

Whvn  I  was  at  llie  Kio  dea  Piloes,  I  also  heard  much  of 
the  minhoecK'S.  I  was  (old  that  there  were  some  in  this  river, 
and  that  at  the  period  when  the  nnters  had  risen,  they  had 
often  drBg){ed  in  bones  and  mules  whilst  swimming  across  the 
|i«t. 

The  word  minkacoQ  is  an  augmentative  of  minhoca,  which, 
in  Portugucrse,  signifies  rarM-u'o/'ni ;  and,  indeed,  they  state 
that  the  monttcr  in  question  absolutely  rcBcmhles  these  worms, 
with  this  difforcnce,  that  it  has  a  visible  mouth ;  they  also  a^Ay 
that  it  is  blach,  short,  and  of  enormous  she;  that  it  does  not 
rise  to  the  surface  of  the  water,  hut  that  It  causes  animals  to 
disappear  by  seizing  them  by  the  belly. 

When,  about  tweitiy  days  after,  having  left  the  village  and 
the  river  of  Piloes,  I  was  staying  witli  the  Governor  of  Meiur^ 
pont,  M.  Joaquim  Alvcz  de  Oliveita,  I  asked  him  about  these 
minhoeoes:  he  confirmed  what  I  bad  already  been  told, 
taentioned  several  recent  accidents  caused  by  these  animals, 
and  assured  me  at  the  same  time,  from  the  report  of  sevend 
fishermen,  that  tlic  minhocao,  notwithstanding  its  very  round 
form,  was  a  true  fish,  provided  with  6ns. 

I  at  first  thought  tlial  the  minhocao  might  be  the  Gymnotiu 
earapa,  which,  aetrording  to  Polil.f  is  found  in  the  Rio  Ver- 
ntetho,  which  is  near  to  the  Rio  des  Piloes ;  but  it  appears 
^rora  the  Austrian  writer  that  this  species  of  fi»h  hears  the 
name  of  feraui  lermi,  in  the  country;  and,  moreover,  the 


*  Mnmoriai  ITlitoricni,  Ac,  *oL  \x.  p.  33Z. 
I  R«i«e,  vol.  i.  p.  360. 


tfti  Mlnkoeiio  of  the  Gt<santte. 

eflecta  pratluced  by  tbe  Gymiioti  &rc(  acoorillnp  to  PoLt, 
well  knowo  to  ih«  muUltorii  und  n«t;roc»,  wlio  orten  fell  tbrnif 
vh)  have  ootliiii^  in  common  with  what  is  reUte<I  of  tiie 
minliocuo.  IVoft-Mor  Gtrvaii,  to  whom  I  mentioned  my 
doabUr  directed  my  attention  to  the  description  whii-h  P.  I.. 
BiKboff  has  given  of  the  Li-piilo^irvn  >*  an>(,  indt-^-d,  the  httle 
we  know  of  the  uinhocao  agrees  well  enough  with  what  n 
uid  of  the  rare  ami  idiigulnr  animal  discorervd  hy  M.  Natlerer. 

That  nuturaiipt  found  hii)  Lrpidosirm  in  iwnKi  ^tagnsnl 
waters  near  the  Rio  d«  Madeira  and  of  tbe  Amazon.  The 
miiihocao  is  not  only  itaid  to  he  in  rivers,  hut  aUo  In  luke^H 
It  Mt  without  doubt,  very  far  from  the  take  Feia  to  the  tw^^ 
Watiliea  mentioned  by  tlie  Ausiriati  irafeller;  hut  wc  know 
that  the  IieaU  ata  exci-^ttve  at  Goyai.  La  Serra  da  Para- 
nnh^'ha  e  do  Tocuntim,  which  crosoea  this  province,  U  one 
of  iJie  most  rcmaikablo  dividers  of  tbe  gigantic  nater-oouTKcs 
of  the  north  of  Brazil  from  tbo«eof  the  Kouth;  ilie  Rio  dea 
Piloe:«  hi-lon^  to  ihe  funncr,  !is  Hoes  the  Rio  da  Madeira. 

The  LrpidotircH  paradoza  of  M.  Natteier  has  actually  the 
fimn  of  B  worm,  like  the  roinhocao.  Both  hare  fins;  but  it 
is  not  astonishing  that  tbey  have  not  always  hei'n  recognised 
in  tbe  minhocao,  if,  as  in  the  Lefndwiren,  tbey  are*  in  the  ani- 
mal of  the  Rio  des  Pilocs,  reduced  to  simple  rudiments.  *'  The 
teeth  of  the  lApidom-m,"  eays  Bischoff,  '*  are  well  fitted  for 
aiixtng  and  tearing  its  prey ;  and  to  judge  of  them  from  their 
structure,  and  from  the  muscl«-s  of  their  jaw,  they  muiit  move 
with  considerable  force."  These  characters  agree  ezuumel) 
well  with  those  which  we  must  of  neceuity  admit  In  thd 
mlohocao,  since  it  seizes  very  powerfully  upon  laige  animals, 
and  drags  tliem  away  to  devour  them.  It  is,  tberefon>,  pro. 
bablc  that  the  minhocao  ia  an  enormous  species  of  Lrpido- 
uren ;  and  we  might,  if  this  conjecture  were  changed  inte 
certainly,  join  this  name  to  lliat  of  the  minhoeao,  to  de«ignat 
tJ>e  animal   of  the  lake  Fcia  and  of  the    Rio   des   Pitoos 


VB        , 
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2Do1oKi<!t«  wlio  travel  over  th«e  distant  counlriea  will  do  well 
lo  sojourn  on  the  borders  of  tlie  lake  Feia,  of  tho  lake  Padre 
Aranda,  or  of  tlie  Rio  des  Piloea,  in  order  to  ascertain  the 
perfect  trutb — to  leant  preci4«Iy  wbat  tlie  miohocao  is ;  or 
whetbert  notwichstaiidin^  the  testimony  of  m  many  penotis, 
even  of  the  moNt  enlightened  men,  its  existence  should  be, 
vhicli  13  not  very  likely,  rejected  as  fabulous-  —  (CompUt 
Jlendtu,  Dec.  28,  184C.) 


On  the  Ot-exitteuce  of  Ovigerous  and  Spermatic  Capmka  on 
lite  JMwe  ituHviduah  of  the  H^ra  vhidis.  By  Allbk 
TrousoK,  M.D.,  F.R.S.E,,  Professor  of  Physiology  in 
tlie  L'ntver&ity  of  Edinburgh.*  Communicated  by  the 
Author. 

The  objfct  of  the  following  communiealion  is  to  lay  before 
the  Royal  Society  a  few  obsorvuiiuns  which  I  made  io  the 
moDtti!^  of  October,  November,  and  December  of  1845,  upon 
the  occasional  reprnduclion  of  the  common  green  polype  of 
freth  water  {hy^lra  /.iridis)  by  means  of  fecundiitt-d  ova  ;  and 
in  particular  upon  the  existence  of  spermatic  and  oTtgeroin 
capsules  in  the  same  iadividual. 

I  may  be  permitted  to  explain,  in  reference  to  those  obser* 
vutioos,  that  at  the  time  they  were  made,  1  conceived  then 
to  be  new,  in  so  far  as  the  bisexual  condition  of  single  indirU 
daala  of  the  poiyjie  is  concerned ;  but  I  have  since  found  that 
I  have  been  anticipated  by  other  observers  in  the  announoe- 
ment  of  the  tavt ;  and  1  have  therefore  to  re<^ueal  the  Society 
to  receive  this  communication  rather  as  confirmatory  and  illus- 
trative of  the  ciicumslauces  to  which  it  refers,  than  as  intended 
to  bring  forward  any  new  discovery. 

I  have  further  to  expreEs  my  regret  that  accidental  circum- 
Dtances.  and  the  only  occasional  occurrence  of  the  pheno- 
mena, should  have  prevented  me  from  making  the  observa- 
tions as  complete  as  might  have  been  desirable. 


CaniBiinicJiCiiJ  (iitl  rrsri  to  tlie  Itaxal  Sedii;  u(  Edlnburgb,  Mar<b  11N7. 
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It  appears  that  M.  Bornnril  de  Jus-sleu  was  the  firM  (o 
observe  ora  of,  the  common  brown  polype^  wliick  he  did  wbeh 
travailing  in  1743."  M.  Trembley  rtffcr*  (o  lliU  (il««f»s- 
lioni  of  wbicb  he  was  made  i»^ni2«Tit  by  a  private  letter  frDin 
M.  de  K^aumur.  Tremtiley  lin«  described  from  Ills  ovm  re- 
KsrcLes  these  rounded  vug-like  Iwities  in  hw  Mi-moires,  pn''- 
lisbed  in  1744;  and  he  also  mentions  the  occurrence  on  otiu-: 
Inditriituals  of  the  same  species  of  the  umall  conical  tiiberclet 
which  we  now  know  to  be  the  Hpemaiic  capsules.  Soint 
yeur«  later,  Ko«cl  ii^aYe  an  excellent  coloured  figure  of  botb 
these  bodies  SB  they  occur  on  separate  individuals;  and  tliey 
were  also  later  described  by  Pullas  in  1766.  Although  the 
nature  of  the  ova  was  Buspected  by  Tremblcy,  yet  lie  cx- 
pvened  birotielf  doubtingly  regarding  them ;  by  some  they 
were  considered  as  parasiiteA,  and  by  others  both  the  ova  and 
itpe^rmaiic  capsules  were  regarded  as  potubly  of  tbe  nature  of 
morbid  excrescences. 

This  state  of  uncertainty  appears  geiieiatty  to  hare  pre- 
railed  till  1836,  when  the  nature  of  the  ova  was  astcertaiuc 
with  greater  prectsioo  by  Kbrenberg,  who  took  occiK>ion  t 
examine  them  with  eare  in  reference  to  a  resemblance  alU'gr 
by  M.  Turpin,  to  exint  between  the  ova  of  Cristatclla  ragaMi 
and  tbe  fossil  TCunthiilia. 

This  resemblance  Khrcnbcrg  disproved,  and  showed  that 
even  the  greater  similarity  that  might  be  aliped  between  Xan- 
ttiidia  and  (he  ova  of  tbe  common  polype,  was  only  of  a  very 
general  kind ;  considerable  ditTercnces  in  size,  form,  and  strue- 
» iore  being  observable  between  the  two  bodies.  He  further  suc- 
ceeded in  1S^,  as  is  stated  by  Mr  Owen  in  bis  leetures  on 
Comparalire  Anatotmj  (vol  i.  p.  85),  in  detecting  the  exist- 
enoe  of  spermatoxoa  in  the  conical  tubercleit  before  referred 
io  as  existing  on  other  indtvidnaU  of  the  Hydrii,  and 
observed  on  some  occamoiia  the  co-exlstcnco  of  the  ovi-^ 
gerous  and  spermatic  capsules  on  the  same  individuals^! 
Notwithstanding  these  observations,  tbe  nature  of  the  bodies 
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'   Ad  ■•N.oni  •«  (hi>  *bfTi»tlBu  hm  tlltniatili  pnbliiMia  Alibkiid. 
Sirtd.  Atad,  ITM,  ».  liii,  p.  Sll. 
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hqueatJou  n-asmisrcprcsL'iiled  by  Lnurontsolatelyasiti  1842,* 
But  very  recently  the  fact  of  the  occasional  biHCJtual  gcuora- 
tton  of  tke  comiQon  polypes  baa  been  fully  confirmed  and  d«- 
tcribed  by  V.  Sicboldf  in  bU  lext-book  of  cortiparaUve  ana> 
toniy. 

1  have  not  been  able  to  refer  to  tbe  original  of  tbv  ftccoad 
notice  regfkrding  tbiti  subject,  by  Ehrenberg,  whicli  was  pub- 
lished in  the  Mitlheil.  auad.  VerkanM.d.  Gtidhekafi  XaiurJ: 
!Fr€U>tdriH  Berlin,  I63S,  p.  11 ;  and  I  only  became  acquainted 
with  his  and  V.  Siebold'g  observations  a  cbn»i(ierablt;  timv  nftcr 
1  biKl  observed  carefully  the  two  bodies,  and  distinguished  thetr 
naliire.  The  naturalists  I  have  referrtrd  to  appear  to  bavc  had 
under  observation  principally  the  Hydra  fusca  and//,  auran' 
tiaca  ;  and  V.  Siebold  only  oocc  mukes  mention  of  having  seen 
tbe  ova  in  the  Hydra  vindia ;  and  it  is  on  this  last  species,  the 
orgttoizatioD  of  which  is  the  simplest  of  tlie  tribe,  that  my 
observations  have  been  made. 

It  appears  to  me  of  some  importuiice,  that  the  faet  of  th* 
co-existence  of  tbe  tnogcnerutive  elements  in  an  animal  of  the 
extremely  simple  structure  presented  by  the  Hydra,  should 
receive  every  conBrmation ;  and  the  interest  created  by  the 
variety  of  modes  in  which  that  animal  is  capable  of  being  re- 
pr<Kiuced,  may,  perhaps,  warrant  my  detaining  the  Society  a 
few  minutes  with  a  short  notice  of  the  phenomena  to  which  I 
have  referred. 

Through  the  greater  part  of  the  year  the  common  polype 
is  reproduced  by  gemmation,  or  by  tbe  growth  of  buds  upon 
(he  patent  stock  ;  and  occasionally,  but  much  more  rarely,  by 
cleavage,  or  in  the  fi$«!parous  mode ;  the  division  being  some- 
times longitudinal,  at  others  transverse.  These  processes  have 
been  doscribeil  so  fully  by  Trembley  and  others,  and  aie  so 
familiar  to  most  naturalists,  that  it  seems  unnecessary  to  dwell 
upon  tliem  here.     Suffice  it  to  say,  that,  in  so  far  as  we  are 


*   ftrnxtyn  Nea>  Nullitn,  p.  IOt> 
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yrt  InfbnnAd  from  direct  obserTation,  the  proctSi  of  liuilrlu^V 
appears  to  consist  in  the  gradual  projection  and  growth  of  a  I 
portion  of  the  entire  ibickness  of  ihe  nail  of  the  bodjr  id  lb  I 
pnr<^nt  polype,  without  its  being  poMtble  to  delect  any  pecD>  1 
liiir  tiructurv  in  tiie  bud,  such  as  a  gerininai  vesicle  at  lUCM- J 
raoncemcnt ;  or  nitbout  tborc  being  any  evidenci!  of  focwiU-l 
tion  by  a  mule  generalire  eliMnvnt.     Whatttver  prolubililT,  1 
iberefore,  may  belong  to  the  view  held  by  some,  that  budil 
require  fecundation  as  ova  do,  this  opinion  cannot  be  cow-  I 
dered  as  founded  on  observation  in  tbc  polyp? ;  an  BDinal, 
it  may   be  remarked,  in  which  a  mo^t   favourable  npporm- 
nity  proMnta  itself  of  detecting  such  a  fecundation  were  it  to 
oeear. 

Buds  are  formed  upon  those  polypra  in  which  tbe  HpenRatfc 
capsules  exist ;  but  they  arc  much  more  frequently  observed  in 
those  individuals  which  do  not  possess  them,  and  1  regartl  llie 
aaserlion  of  Professor  Owen,  that  the  prooeM  of  ^emmntiun  i* 
prcceilfd  by  the  fccun(!iiiion  of  an  ovum  hvlovr  the  Snte^'u- 
tneot,  as  not  yet  warrunted  by  obHcrvatioiu  I  bare  never,  Bl 
least,  been  able  to  detect  any  appearaDoes  which  would  lead  me 
to  believe  that  such  was  the  case.  In  regard  to  this  matter, 
however,  it  may  be  proper  to  notice  that  the  place  from  which, 
in  tlie  gray  polype,  the  budn  almost  always  sprout,  is  the  sam^ 
with  that  in  which  tlic  ova  »re  developed — viz.,  at  the  union  of 
the  pedicle  and  body  of  the  animal ;  the  spermatic  capsules  being 
in  general  nearer  the  bead,  and  removed  from  the  ova  or  buds. 
From  Trcmbley's  interesting  resenrches,  it  appears  necH- 
tary,  in  order  that  germination  should  go  on  briskly,  tbat  the 
polypes  should  be  well  nourinhed  ;  and  when  tliis  is  tfae  ca«i!, 
and  tlic  weather  is  fine,  a  very  consiilerable  number  of  bnda, 
and  even  a  second  generation,  may  appear  on  some  of  the  pro- 
geny of  the  Brst  parent :  and  that,  on  the  other  band,  when 
food  is  withheld  for  some  time,  there  is  an  increased  tendency 
to  the  reparation  of  the  buda,  so  tbat  aome  occasionally  leare 
the  parent  stalk,  while  yet  very  imperfectly  developed. 

It  is  in  the  autumn  principally  that  the  formation  of  ova  and 
Rpermatic  capsules  occura;  and  it  is  at  this  seajion  or  in  winter 
that  almost  all  obterverR  have  di-Mribcd  the  proceu.     Efareo- 
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iTowevtiTi  nil  cxrcplion,  menlioniii);  lliat  be  has  s«.'en  the 
ovii  formed  in  ihe  month  of  June.  A  Hucci>utoii  of  oru  are 
dbserved  to  be  formed  on,  and  detached  from,  the  same  polyp*  • 
and  according  to  V.  Sit^Wld,  the  parent  generally  dies  after 
the  separation  of  the  last  of  the  series.  The  development  of 
fevnodated  ova,  tlierefore,  at  the  npjirouch  of  winter,  may  be 
regarded  as  u  means  of  security  agitin«t  the  e.ictinctioR  of  tiw 
species  through  the  death  of  the  entire  animals  by  cold  or 
want.  The  ova  probably  remain  for  a  considerable  time  in 
an  undeveloped  condition. 

'I'hc  extiome  simplicity  of  the  organs  in  question  is  a  feature 
of  some  interest.     In  order  to  explain  this,  1  may  state  that 
the  wall  of  the  btxly  of  the  hydra,  though  endowed  with  a 
digestive  and  assimilatire  faculty,  and  possessed  of  sensitive 
and  motor  powers  to  a  rcmarhublc  degree,  is  yet  composed  of 
no  other  structure  than  organised  cells   united  together  by 
their  adjiicent  pnrietes,  so  as  to  form  two  layers ;  of  which  the 
innermost  contains  the  green  granules,  which  give  colour  to 
the  most  of  the  animal;  and  the  outer  presents,  studded  over 
ita  Burfoce,  those  peculiar  forms  of  cells  from  which  the  sting- 
ing or  poison  filaments  proirude,  with  which  the  animal,  in 
seizing  its  prey  with  its  tentacula,  appears  at  once  to  stopify 
and  to  fasten  them.     No  nervous  or  muscular  fibre,  no  special 
glandubr  organs,  are  visible ;  but  every  cell  for  itself,  and  the 
whole  mass  of  them  in  concert,  appear  to  be  capable  of  the  acta 
of  assimilation,  and  to  execute  their  movements  under  the  influ- 
ence of  sensations  by  a  texture  of  s  similar  cellular  organiso^ 
tion  throughout. 

The  development,  therefore,  from  so  simple  a  texture  of 
organs  possessing  so  obvious  and  peculiar  a  form  and  structure 
as  the  spermatic  and  ovigerous  eapaules,  is  a  very  striking 
phenomenon. 

The  conical  eminences  which  constitute  the  spermatic  cap- 
sules appear  to  eon^tiiil,  in  the  greater  degree  of  development,  of 
one  or  more  of  iJie  superficial  cells  in  the  vicinity  of  the  biue 
of  tlie  arms.  These  capsules  sometimes  occur  in  considerable 
numbers,  as  from  eight  to   sixteen   on  the   brown   polype; 


1>ui  ill  the  g:r«en  species  I  have  in  |f;eii0ri]  Men  ottn  IVo  U 1 
ttirt'o,  placvd  (ilternat«ly  on  opposite  Aides  of  tlie  hdj.  I 
Til*  interior  of  the  captule  has  a  eligbtly  ribbe<l  or  tUintti  I 
appearance,  and  at  the  summit  a  sjnall  aperture  is  wraetioK*  1 
perceptible,  through  which,  nben  the  development  is  c<n* 
plete,  the  spermatic  filaments  are  obnerrAl  to  itisue.  la  , 
breiLJciiig  up  the  oajiiute,  under  the  mtcrmcope  large  iiuihIhii  I 
of  ihese  filaments  arc  seen  united  in  bundles  hy  their  mlaulll 
globular  hea<)8,  ttic  filkmeiitou«  part  being  free,  and  vibralitrg[fl 
with  great  rapidity,  in  the  manner  which  is  known  to  be  tbt- 1 
rttcleri»lic  of  these  bodies  id  all  animals. 

I  have  notic'L-d  more  than  once,  when  an  ovum  wasiicvelopdi 
on  the  flame  individual  which  bore  the  spermatic  CApsules,  tU 
nnimal  bend  its  lM>dy  suddenly  round,  so  at  quite  to  double  it, 
and  to  bring;  the  spermatic  capsules  and  ovum  close  together: 
and  as  this  is  an  attitude  rareiy  observed  in  the  polype  at 
other  times,  I  am  inclined  to  regard  it  as  related  to  the  act  of 
ftelf- fecundation. 

The  spermatic  capsules,  with  lively  movement  of  their  lila- 
ments,  were  observed  on  many  individuals  in  which  no  ora 
eiistcd. 

The  rounded  body,  which  I  have  hitherto  termed,  indiscri- 
minately, ovum  and  ovigerous  capsule,  is,  when  fully  developed, 
of  such  a  size  as  to  bi^  seen  with  the  naked  eye.  It  is  attached 
to  the  side  of  the  polype,  nearer  the  foot  tlian  the  spcrmaUe 
capsules,  and  Is  distinguished  from  the  rest  of  the  animal  by 
its  spherical  form  and  yellowiiih-brown  colour.  In  the  Hydra 
viridis  1  have  never  seen  more  than  one  of  these  ova  developed 
on  the  body  of  the  polype  at  the  same  time  ;  but  a  number 
varying  from  four  to  seven  have  been  observe<l  by  others  upon 
the  Hydra  fusca. 

Tilts  body  appears  at  first  as  a  small  granular  mass  in  the 
thickness  of  the  wall  of  the  animal.  A  germinal  vesicle 
|:was  not  apparent;  hut  as  I  found  It  imposdbie  to  burst 
Klie  capsule  to  examine  the  contents  without  injuring  tbem 
greatly,  it  may  still  have  existed  within  the  granular  ttiaat, 
lA«  the  spherical  yolk  mass  enlarged,  it  projected  from  the 
■yi^mung  at  first  to  carry  along  with  it  theooteror  clearer. 


liiyer  of  tlie  animal's  body ;  ilien  the  cells  of  this  layer  sei'invd 
to  become  thinner,  and  to  rccvdc  from  the  outer  covering  or 
capiulc  enveloping  the  egg-like  mstui,  nhich  had  at  the  same 
time  become  much  thicker,  and  was  now  left  attached  to  (he 
animut  by  n  narrower  portion  or  pedicle.  In  the  fuithtr  pro- 
gress of  development  n  similar  solution  or  atrophy  of  the  celts 
of  the  pedicle  was  followed  ait  last  by  the  separation  of  the 
«phericiil  mntff,  which  fell  from  the  body  of  the  polypo  to  the 
bottom  of  the  ve««el  in  which  it  wa^  contained. 

The  outer  oororing  of  thi*  insss  or  captiute  ia  detciihed  hy 
hrenbcrg  as  prf»enliii^  in  tlif  Hyilra  aurautiaca,  on  il*  outer 
rface,  a  remarkaWe  set  of  blunt  prickles,  many  of  which  are 
bifid  at  the  end.  In  The  Hijiira  efrittix  it  forms  a  very  strong, 
chwiic,  and  almost  horny-like  ciip«iilc,  the  surface  of  which  ia 
rather  tuberculated  than  spinous.  The  divisions  between 
tbc  tubercles  itre  irregularly  hexagonal  or  pentagonal,  and 
their  waits  appear  to  contain  a  fibre,  wound  spirally  round 
them, 

In  diSerent  capsules,  while  still  attached  to  the  parent 
animal,  1  observed  tite  internal  yolk  or  granular  mass  to 
become  suhdividod  into  a  number  of  smaller  portions,  each  of 
which  was  of  a  rounded  form,  and  bad  a  darker  centre  or 
huclcus.  From  similar  observations  by  V.  Siebold,  I  am  in- 
clined to  regard  the  fluid  granular  mass  within  the  capsule  at 
the  yolk  of  u  tingle  ovum,  and  the  smaller  musses  into  which 
1  have  mentioned  it  became  divided,  as  the  result  of  that  pe- 
culiar process  of  cleavage  of  the  substance  of  the  yolk,  and  the 
arrangement  of  the  distinct  portions  round  separate  centrcii> 
whk'h  wa«  first  discovered  by  Prevost  and  Dumas  in  Batra- 
cbia,  and  by  Barry  in  Mammalia,  and  ivliich  is  now  known  to 
occur  under  certain  modifications  in  the  ova  of  ail  animals 
previous  to  the  formation  of  an  embryonic  membrane.  I  am, 
therefore,  disposed  to  consider  the  whole  mass  which  is  deve- 
loped from  the  side  of  the  polype  in  the  manner  before  stated, 
as  constituting  a  tingle  ovom,  and  as  thus  different  from  the 
multiple  ovigeroua  capsules  of  the  Coryne,  and  some  other 
allied  polypes. 

1  preserved  several  of  the  separated  ova  for  some  time,  but 
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was  not  so  forlimalc  as  to  succeed  tn  tradng  the  dfv-elopmrnr  i 
of  a  youDg  polype  from  any  of  tlu'cn;  Imving  accidentally 
lout  two,  in  which  1  hoped  to  have  hud  an  opportualty  of  watob-  j 
\n^  the  process.  Trenible}'*  mcntignB  his  having  oWvrvcd, 
m  hv  conceived,  the  formation  of  a  young  potypv  from  Hm 
egg ;  and  Pulloa  \  and  Laurent  %  make  a  similar  statemenr ; 
bul  none  of  these  naturalist))  vxprexs  ihemselves  with  sufGcienl 
confidence,  nor  describe  the  procc«s  with  tufEcient  detail,  to 
satisfy  tts  fully  of  the  fuel. 

Dr  Thomas  Wright,  of  this  plac«,  who  has  recently  de-1 
TOtcd  some  time  to  the  study  of  the  structure  and  habits  of] 
tlii^He  interesting  animaU,  infonna  me  that  be  examined  the' 
ovtgerous  capsule*  of  tlie  long-urined  polype  {Hjfdra  attran- 
tiaca)  last  autumn,  and  watched  their  gradual  formation  on 
the  body  of  the  animal.  He  observed  two  of  these  capsules, 
of  a  cream  colour,  developed  on  one  individual,  one  of  which 
beeami:  dftached.  From  this,  when  it  was  hurst  artiliciiilly 
some  days  afterwards,  there  issued  a  number  of  ovoidal 
ciliated  bodies,  which  moved  with  vivacity  through  the  water, 
and  wbiob,  he  at  firvt  imagined,  mi]rht  be  separate  ciliatiil  ova, 
like  those  of  some  other  polype*.  This  appears  to  rae,  how-  J 
ever,  extremely  doubtful ;  and  Dr  Wright  states,  in  a  commu- 1 
nication  he  has  mude  to  me  on  the  subject,  that  the  polype 
appeared  to  be  in  an  unhealthy  state  ;  and  I  am  inclined  to 
think  that  the  ciliated  bodies  were  polygastrie  animalcules 
such  as  I  have  repeatedly  seen  preying  with  avidity  upon  lite 
bodii'H  of  polypes  when  in  u  very  weak  condition,  or  in  com- 
mencing decompo«ition. 

Lastly,  it  may  be  stated  that  while  some  of  the  individuals 
«f  the  ■«pccie»  flydra  arc,  as  I  have  now  described  them,  bi- 
sexual or  hermaphrodite,  otliert  appear  to  bear  tliv  orgaos  of  ^ 
one  sex  only.  ■ 

The  observations  I  have  detailed  suggeU  some  general  re- 
flections of  interest.  With  many  others  of  the  same  kind,  they 
point  out  the  multitude  of  the  resources  of  Nature,  undalmo$t 


*  Mrmiiirvt.  t  tVlw.  ICuraktrrlitik  An  TbttrpBMMB,  p.  13, 

t  Ltunnt,  la  Praritpi  Niutt  NotiMD,  Ni).  i\'i,  p.  101. 
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JaviaU  expenditure  of  Iter  care  in  proriding  Rccure  [R<>iiins  for  the 
continuance  of  (lie  specieii  of  animaU.  They  call  our  nitentton 
to  the  remarkable  fact  of  tbe  existence  of  two  <li«tinet  kiiids  of 
generative  elements,  even  among  the  aimpleHt  of  animals. 
They  thua  add  probability  to  (he  view  deducible  from  an  ex- 
tended consideration  of  the  recent  observations  in  the  vege- 
table 89  well  as  the  animal  kingdom,  that  in  no  inttance  is  a 
new  organized  atracttirc,  under  tbe  fom  of  an  ovum,  seed»  or 
spore,  sepuTutcd  from  a  parent,  and  made  capable  of  producing 
a  new  boinj;,  without  the  concurrence  of  genenttive  elements 
of  two  kinds — one  of  these  being  itself  a  cell,  or  in  a  ve»ica- 
lur  form  ;  tbe  other  being  a  peculiar  product  of  cell  develop- 
ment, iinij  moot  frequently  ajrtuminjr  the  form  of  minute  fila- 
mcnta  endowed  with  a  power  of  rapid  vibratile  motion.  Lastly, 
ia  coDtemplntin^  the  alternate  production  of  buds  and  ora  from 
tbe  same  situation  in  these  polypes,  they  suggest  the  inte- 
roHting  itpeeulative  inquiry  whether  tbe  concurrence  of  a  male 
element  is  necemsary  to  give  fecundity  to  the  germ  of  a  mere 
bud — a  view  in  regard  to  which,  although  some  circumstances 
appear  to  givo  a  hIiow  of  probability,  the  want  of  sufHcicnt  ob- 
tvrvutions  forces  us  in  tbe  meantime  to  suspend  ourjudgment. 


Dft»erSptiiM  a/ttt*  PlaU. 

Final*  t.  HnTnajihrnilll*  ■mliil'liul  of  iha  Ityin  vii-Mli  tlur-hoil  ligr  Sm  fool  Is  ■ 
portJotj  of  ibo  ritoi  of  \  Lcinoar  fiiOvigetviii  tiapftulv;  A6,  fpvtiD4iiofliLpiulDt,  Ang- 
ntflrd  Un  ilUmruTi. 

Fi)|uri  II.  Tlia  o>l|(Taua  cnpiuls  liunl,  ita  giiDuUr  CDnicnt*  nnplng. 

PiKun  III.  The  •pcrmtiie  rapiulo  bum,  vllh  toar  of  Ibo  tpvrnKtiE  flUminU 
ID  CiMdeuli  near  it.    (Tb«  1*0  Uii  ligumirfnian  highly  miipilfi*!!  ibaathi  fir>).) 


On  the  Glacial  "Dteory,  and  the  JSfficls  0/ Glacial  Action. 
Communicated  by  the  Author. 

The  history  of  the  Glacial  Tlieory  affords  another  example 
of  that  apparent  fatality  which  hu4  ever  attended  the  advance- 
ment of  each  new  discovery  in  science.  The  evidence  of 
tbe  former  extension  of  glaciers  has  now  been  sufficiently 
long  before  tbe  pnblic  to  enable  them    to  form   a  correct 
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opinton  upon  llic  meriti  of  tlie  Uteorj',  either  to  icknowleHsfl 
it9  tmtb  or  to  expose  its  fall«ejr.  The  error  wliieli  it<i  opixl 
nenta  xppcur  to  lubotir  under  lies  in  not  dealing  witli  the  e»M 
blistied  properties  of  matter  in  the  same  manner  ai  th«y  woufl 
have  done,  had  another  an<l  more  famiUur  suhject  b«eo  unil|l 
discussion,  but  in  a.sHumiitg  that  maftcr  possesses  exaciffl 
those  properties  which  are  »uitable  for  their  prcconceivel 
views.  Such  wa)t  tlie  case  with  the  reasons  first  assIgDed  foin 
the  motion  of  glaciers.  Hsd  We  Saussure  applied  the  lavil 
which  regulate  the  descent  of  bodies  down  inclined  pltuioJ 
ri^rotitly  to  the  motion  and  condition  of  glaciers,  he  wodH 
have  found  that  the  fttiding;  theory  was  inapplicable  ;  aM 
had  M.  A^aKiz  considered  tlie  temperature  to  which  watt|| 
must  be  reduced  before  it  can  freesv,  he  would  not  have  adro*] 
catfd  the  ililntntion  theory ;  uor  would  he  have  auerted  mtii 
BO  tnuch  confidcDce  that  the  motion  is  auspende*!  during  win* 
ter,  ba<l  that  not  been  essential  to  his  theory.  ProfeMW 
Forbes  is  the  only  one  who  hat  investi^ted  the  causes  of  the 
notioD  of  glaciers  In  a  manner  likely  to  lead  to  tbe  truth, 
and  bis  exertions  have  accordingly  been  crowned  with  succ<-»> 
We,  hoverer,  paused  until  lately  to  subscribe  to  the  viscous 
tlieory,  notwithstanding  the  many  prima  facit  \ivaah  he  h.i<l 
^ven  in  support  of  it,  because  we  considitml  that  tlic  exptii' 
rnenltiin  emeu  was  still  wanting — we  mean  the  proof  of  tbe 
power  which  glaciers  were  thought  to  po«*ess  of  <^ci;tint( 
upon  their  surface  foreign  bodies  from  llieir  interior.  A  thoii- 
saad  obvious  facts  prove,  that  a  fluid  in  motion  raises  from 
its  bottom  bodies  having  a  greater  specific  gravity  than  Itself; 
and  if  the  same  property  could  he  shown  to  exist  in  ^lacier^^ 
we  deemed  that  the  viscous  theory  was  proved.  IlappUj^f 
PfofeMor  l-'orbes  has  been  fortunate  in  supplying  this  remain- 
ing link  of  the  chain,  by  the  discovery  last  summer  of  a  knap- 
sack on  the  surface  of  tlie  Mer  de  Glace  of  Chainouni,  u  htch 
h«d  been  left  in  a  ercra<«,  the  account  of  whidi  he  gave  In  the 
lail  number  of  this  Journal.  We  trust  that  the  viscous  ^eory 
is  now  settled. 

We  wish  we  could  say  as  much  for  t|hc  glacial  theory. 
Believing  in  the  former  extension  of  glaciers,  and  that  it  wm 


tm  tlieir  agency  alone  tbat  tlie  mo§t  important  changes  in 
earth's  Hiirfucc  liare  been  efTecti-d,  and  that  tlie  opposition 
le  to  it  proccedH  from  a  misapprvLenHion  of  the  power  of 
ater,  vrn  sliull  endeavour  to  point  out  two  tusumptions  whicn 
pppc^ar  to  have  been  taktrn  as  fact«,  or  as  axioms  whereon  to 
build  a  demoostnition,  instead  of  considering  them  merely  as 
propositions  to  be  proved. 

Tiie  opponents  of  the  gittcial  theory  assume,  as  the  basis  of 
tlieir  arguments, 

Itty  That  water  has  an  abrudtng  action  upon  rocks. 
'2d/i/,  That  stones,  propelled  by  water,  can  make  furrows 
and  fcrjtches  upon  rocks  with  which  they  may  come  in  con- 
t*e^  similar  to  tho«e  which  are  made  by  stones  propelled  by 
ginciirrs. 

If  WAler  has  Uic  abrading  power  which  some  attribut*  to  it, 
we  should  not  fsil  to  find  at  the  mouths  of  rivers  which  have 
row  for  a  considerable  distance  over  u  {^avcliy  bed,  «)mc  indi- 
cations in  the  water  of  the  abrasion ;  and  we  should  find  the 
nMst  perfect  specimens  of  rounded  stones  at  the  mouths  of 
rivers ;  and,  a.4  wc  ascended  the  stream,  we  should  find  tliem 
becoming  less  and  less  rounded,  the  most  angular  and  irregular 
in  shape  being  at  the  source.     Now,  neither  of  these  is  the 
ease.     The  water  at  the  mouths  of  rivers  with  gravelly  beda 
(except  in  limes  of  floods)  is  as  free  from  particles  of  stone  as 
when  it  issues  from  its  spring,  and  the  gravel  there  is  as  round 
and  smooth  as  at  its  mouth.    The  effects  produced  upon  rocks 
which  intcrcofif  the  piwMige  of  a  river,  we  have  not  overlooked. 
Some  arc  worn,  and  the  stream  rusbes  through  the  cavity  or 
Assure  formed  ;  others  are  covered  with  a  vegetable  substance, 
and  the  rock  beneath  is  as  rough  as  on  the  day  it  was  first 
bared.     In  tlie  former  case,  the  stream  has  descended  over  a 
gravelly  bed,  and  we  conclude  that  the  fissure  has  been  formed 
from  tltc  attrition  of  the  stories  which   ihe  w»ter  may  have 
brought  down  with  it  in   its  Hoods;  and,  in  tho  latter  cas«, 
it  has  descended  over  a  sandy  bottom,  from  which  wc  conclude, 
that  so  little  abrasive  power  has  the  water,  even  when  charged 
with  particles  of  sand,  tliat  it  does  not  prevent  the  seeds  of 
plants  gf  rrninaling  upon  the  lock. 
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Hot,  whatPVOT  may  he  tlie  abrasive  power  of  water,  It  M 
Qerer  been  sbown  that  a  stone  pro)>«t1ed  by  water  can  msfl 
fiuTOwa  and  scratches  tipon  the  ra«k.s  with  wliicti  it  mny  coofl 
in  contact.     We  bolicrc  this  is  pliytically  impo«siblL>;  infl 
lliat,  if  it  did  oziat,  tbcrc  arc  no  t'lvvt*  wliicit  would  not  affoifl 
numerous  cxumptcR  of  such  furrows  and  scratches.     RackM 
night  be  polished,  gravel  might  be  formed,  if  water  Iiad  tbfl 
pon-er  of  ubrasion ;  or  these  might  be  produci'd  by  tli«  ft'ieM 
tionof  stoDca  upon  each  other,  if  continuiil  long  enough;  Siitl 
a  furrow  or  a  scmtch  can  only  Ihi  made  under  a  pm»un 
sufficient  to  overcome  the  cohesive  forcw  of  the  patticle*  of  tlie 
body  acted  upon.     When  we  have  the  moving  power  at  will, 
WG  can,  by  incrrasinr;  it,  cause  a  less  dense  body  to  mark  s 
denser  one-     We  can  force  u  candle  through  a  deal  of  wood, 
or  a  leaden  bullet  through  a  plato  of  iron;  but  where  tht 
power  b  a  stream  uf  water,  whose  velocity  practically  liet 
witliin  a  very  limited  range,  and  when  the  bo<ly  moved  i»  a 
rock  or  stone,  which  has  lost  by  its  emersion  fmm   one-half 
to  one-third   of  its   weight,    the   force  with    which   it   im- 
pinges against  any  obstacle  in  a  stream,  honever  impetuout, 
mast  be  comparatively  very  !>light,  and  wholly  insufficient  to 
produce  a  furrow  "  six  feet  long,  an  inch  wide,  and  onc-Uiiiil 
of  an  inch  deep,"  as  found  on  Arthur's  Seat. 

Nor  will  time  render  any  as»i»tanci!  in  this  operatiou. 
Tlie  grooves  and  scratches  clearly  indicate  that  their  forma- 
tion was  completed  at  one  stroke  of  the  tool,  and  not  by 
a  succession  of  strokes  with  different  tools.  Indeed,  the 
probability  of  two  or  more  stones  moving  along  the  side  of  a 
rock  exactly  in  the  same  place,  h  so  very  remote,  that  it 
cannot  fur  au  iostiint  be  seriously  entertained. 

We  need  not  discuss  thi*  question  itith  reference  to  the 
grooves  and  scratches  which  are  fonnd  upon  the  sides  of  rocks 
several  hundred  feet  above  the  bed  of  the  valley  benealh,  and 
thousands  above  the  level  "f  tie  sea.  For  if  it  be  clearly 
sitown  that  water  has  the  power  of  producing  them  In  the 
lower  situations  where  they  are  found,  thut  is  all  that  can 
iairly  be  required  from  the  opponents  of  the  theory  ;  without 
a.ikiiig  them  to  show  from  whence  such  a  body  of  water  catmt 
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Vnicli  produciil  the  Inglier  scrstclies.  But  wo  think  it  in- 
cumbent upon  them  to  tell  us  nhat  wa^  tlic  velocity  of  (be 
■iream  which  coald  raise  and  keep,  for  perhaps  a  horizontal 
riiAtaiice  of  six  feet,  a  hlock  of  porphyry  or  basult,  even  a  few 
iiichen  above  tlie  bed  of  the  river. 

There  U  another  point  which  the  opponenlfi  of  the  glaeial 
theory  would  do  well  to  conUdcr — the  agent  which  has 
produceil  nil  the  earthy  materials  of  toil.  If  the  roonlderinfr 
of  rocks  l>y  the  iittlueiice  of  the  atmoHphere,  and  llic  3up> 
posed  abriisive  power  of  water,  have  been  the  piincipal  agents 
engaged,  millions  of  years  would  not  have  sufficed  to  prodaee 
the  noil  which  covers  the  smallest  of  the  Engliith  counlieii. 
'I'hc  Falls  of  Niagara  afToril  an  admirable  illustialioii  of  the 
eiTccU  of  water;  and  perbsp^i  no  example  could  he  found 
more  fuvourablv  to  the  view*  of  tlie  advocates  for  the  abrasive 
power  of  water,  if  such  a  power  exists.  It  ia  conjectured, 
and  apparently  witJi  much  truth,  thut  the  Falls  were  once  ut 
Qucenston,  about  seven  miles  down  the  river,  and  that  they 
are  slowly  receding  up  the  river.*  Mr  Lyell  thinks  thfl 
rate  of  recession  may  be  estimated  at  a  foot  annually,  and, 
consequently,  that  it  is  35,000  years  since  the  I<'uIU  were  at 
Queenston.  According  to  the  same  author,  the  ravine  in 
which  the  river  flows,  is  at  the  Falls  cut  perpendicularly 
through  60  feet  of  limestone  rock,  and  through  the  same 
thickness  of  shale;  and  at  Queenston  it  is  cut  through  100 
addilioiiat  fi-et  of  sandstone.  Now,  the  depth  of  the  KiilU  is 
about  lODfi-ct;  and  assuming  tbat  ihe  average  breudth  of 
the  ravine  between  the  Falls  and  Quecn«ton  iti  .3000  feet, 
(which  is  more  than  the  width  of  the  two  falls,)  and  that 
Queenston  is  100  feet  below  the  level  of  the  bottom  of  the 
Fallflr  2CH!)  millions  of  cubic  yards  of  rock  have  been  exca- 
vated to  form  the  ravine;  or,  in  35,000  years  only  ns  much 
material  has  been  removed  as  would  cover  a  space  :)0J  miles 
long  and  four  broad,  seven  yardit  thick.  But  the  whole  of 
the  excavated  material  would  not  be  &and  or  abraded  roek ; 
nuch  of  it  would  be  detached  in  considerable  masses ;   and 


*   TrnvvNin  Ain*(^L 

VOL.  SLii.    Ko.  Lxxxiv.^Arna  18^7. 


Ftrhen  tliat  portion  is  dcduclcil,  (he  qnanliiy  of  sand  prmluera 
even  by  that  larfr*^  nrcr,  und  in  60  lotif;  a  time,  munt  be  qoitfl 
tnaigni6cant.  The  Niagara  river  ought  also  to  aHord  iijuJ 
the  »tde8  of  the  ravine,  numerou*  wralchc*  and  furrows;  aadl 
if  there  w«re  any,  they  cuuld  scarcely  litive  esca|ie<l  thr 
ecarchi»{r  rye  of  I>yrll ;  but  we  venture  to  predict  Lbat  not 
the  »llghte!tt  Irac«  of  »  iwrutch  will  tlieic  l>c  foand.  d 

Some  there  art-,  who,  while  tbey  admit  that  the  sirieod 
the  rocks  upon  the  continent  are  tho  clTects  of  glacial  actioaJ 
deny  that  the  aimilar  appearances  in  this  country  are  due  I J 
the  same  a^eiit,  because  tbey  cannot  perceive  the  mounlaioJ 
here  Irom  uhich  the  glaciers  have  emanated.  This  »eems  tfj 
IK  the  weakest  of  all  arguments  for  it  presuppo-ieR  that  ibw 
[triiibh  U1e«  an?  in  the  nume  eondition  now,  in  regard  to  then 
bills  and  valleys,  that  ihey  wt-rti  in  ihi'  remoter  agett— a  SupjiM 
tition  which  is  contradicted  by  a  mciUitndeof  {^eologieairacU.] 
IJut  the  same  objection  would  iipply  to  the  atriie  being 
formed  by  a  violent  rush  of  water,  which  it  i*  thought  pn- 
duced  tlicm.  For,  can  there  be  a  torrent  of  water  without  • 
ilrclivity  ?  and  where  are  the  motintninB,  from  whieb  such  t 
volume  of  water  could  h^tio  m  would  produce  such  effects  ? 

Wc  arc  not  aware  that  any  experiments  have  yet    hc« 
in»liiuted  to  ascertain  the  quantity   of  »:ind  and  land  brouglit 
from  glaciers  by  the  wtiter  which   isiue't   from    them ;  liul,    I 
judginji;  from  its  turbid  uppeaTunee,  the  quantity  muKt  be  very 
considerable.     There  Is  this  distinetian  between  the  nand  in 
glacier  water  and  that  in  river   water,  that,  in  the  former, 
««ch   particle  of  sand  is  a  new  accession  to  the  soil  of  the 
«artb  ;  whereas  in  the  latter,  it  is  merely  a  removal  of  the  soil 
of  one  part  of  the  earth  to  another.     We  have  therefore  uo^ 
deniable  evidence  thai  the  present  glaciers  are  adding  soil  t^^ 
the  earib  ;  and,  consequently,  we  have  an  existing  u}^nt  etip«- 
ble  of  producing  by   the  abrasion   of  rochs,  all    the   earthy 
material  of  soil.     In  rivers  and  currents  wc  have  the  fi^cni  b 
which  that  soil  is  distributed  on  the  face  of  the  cartii.     Un 
vre  saw   what  glaciers   were   performing,  and   ihe  evidenoi 
whieh  exists  of  their  former  great  extension,  tiio  agent  b 
»hich  rocks  were  ground  into  soil,  vros  unknown  to  us.     Itut 
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■«n  ve  »aw  ttliarp-edged  »lones  railing;  into  cieraaseg,  and 
[oppearing  ut  t)ie  extremity  of  tlie  glacier  rouuded,  polUfafid, 
antl  BtrUted — wben  we  saw  the  b«autifully  clear  water  of  the 
fflncial  rivaleCs  descending  into  tbe  !ianie  crevasseH,  and  gush* 
io;;  frum  tliv  uiinc  cxUemity  a  turbid  slreatn,  the  explanation 
was  before  our  eyes — the  concluMon  wa«  iircBlttible — these 
were  the  hanupactorjbh  of  »oil. 

Atnwicx, 
3ii  Marck  1847. 
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Pacta   relating  to  the  Grrat   North  American   Laket* 
Professor  C.  Dewey, 

1.  jf^momcNon  on  Lake  Ontario. 


By 


On  20tit  Sc|itomber  184a,  was  witnessed  a  singular  phe- 
ooioeuott  on  Luke  Ontario.  In  the  afternoon  the  wutcis 
suddenly  moved,  in  a  mass,  out  of  the  rivcr«,  bays,  covps, 
barbourii,  &c.,  lowering  the  water  to  different  depths  in  difie- 
rent  places.  In  ten  or  twelve  minutes  the  waters  returned, 
and  rose  to  a  higher  level  than  they  had  before.  This  o&cilIa> 
tiun,  or  rlHux  iind  reflux  of  the  wiiters,  was  repealed  severut 
limes,  at  about  the  same  intervnl  of  eight  or  twelve  minutes. 
At  the  mouth  of  the  Genesee  river,  seven  miles  from  the  city, 
the  water  fell  two  feet  below  its  common  level,  and  soon  rose 
at  mud)  above  It.  The  Revenue  cutter,  John  Y,  Mason, 
lay  in  the  baibour,  and  the  hands  witnessed  (he  fall  and  rise 
of  tbu  waters.  At  several  places  along  the  neighbouring 
shores,  boats  were  left  for  a  few  moments  on  tlie  vands.  At 
Oswego,  seventy  miles  east  of  this,  a  large  body  of  logs 
moved  out  into  the  lake,  to  the  great  annoyance  of  the  owner, 
Ull  he  saw  them  soon  returning  to  their  previous  location.  At 
Cobourgi  a  Utile  wett  of  the  Genesee,  and  on  the  Canada  side 


*  Oiiilnally   pfinleil  In  the  Repnri  et  Iba  R>gtaU  of  tli«  UntTenity     Ne* 
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of  lie  lake,  and  diitmt  about  si.Uy  milts,  the  same  fall  u^| 
tbe  wvro  otHorrcil  to  b«  rrp^au-d,  ttie  ifrvnlest  Iwing  a  lill^H 
twfore  suns«t,  ulion  the  waters  rose  (o  ihtir  highest  point,  ^H 
utioul  two  Teet.  In  the  efflux,  the  shores  had  in  man^  )>I<>C|^| 
bvcn  left  Ary  Tor  some  minutes.  At  Port  Hope,  a  fi-w  ini)^| 
vest  of  Col>oui^,  lUe  $leani-I>o&t  Princess  Royut  ran  agrmi^l 
8B  she  attempted  to  enter  the  harbour,  so  much  had  the  watf^H 
lowered  in  the  port.  ^F 

The  cause  of  this  phenomenon  is  doubtless  to  b«  fouml  li^l 
the  tornado  which  passed  that  afternoon  orer  the  liike,  be^J 
ginning  nl  Johnston's  Crtek  in  Ningarn  County,  and  psMUi^H 
in  a  north-ca«t  course  over  Ofleuiis  County,  tii)  it  struck  tli^H 
lake  at  Oak  Orchard  Creek,  fifty  milt-s  w«tt  of  RocliestB^f 
und  continued  ita  course  across  the  lake.  The  tornado  wid^| 
about  three-fourth*  of  a  mile  wide  in  Oiieniis  County,  bii^| 
was  very  deslructire,  iwistinfr  off  and  bearing  away  larg^| 
trees,  unroofing  mid  diTtitmyitifr  buildings,  kc.  Its  violeoc^H 
was  of  only  n  tVw  minuti-ii'  durution,  p<-rhiips  not  over  ihie^^f 
On  till*  Ia!(i)  it  proHuci.'d  water-spouts,  und  w:is  attended  wil^H 
large  hail,  and  liglituiug  and  thunder.  The  steam-boat  l^l^| 
press,  Captain  Mason,  was  in  great  jeopardy  from  the  win^H 
und  wures,  and  siorm,  a»  she  was  then  pa^Mng  up  the  lake  o^H 
her  regular  trip.  The  power  of  this  tornado  nas  prohsbly  1 
siifEcicnt  to  witliilraw  the  waters  from  the  shore*,  so  as  to  pro-  I 
duce  the  cBlu.\  and  reflux  that  was  witnessed.  Such  suddeH  I 
changes  of  the  level  of  the  waters  are  »aid  to  have  been  wit-  1 
iiesMtl  before  on  the  lakes.  The  solution  in  this  case  may  i 
apply  to  the  w1ju1<-.  It  seemed  desirable  to  collect  and  con- 
nect the  facts  in  this  case,  and  to  publish  them,  as  they  pre- 
vent a  r(-:>ort  to  8iippas<^^>{  enrihquakes  heaving  the  bottom  of 
the  hikcH,  or  change  of  the  level  of  tlie  shores,  of  nhich  not  a 
trace  is  left,  and  not  u  probability  cjtitlt.  This  tornado  does 
pot  appear  to  have  moved  rapidly,  but  to  have  derived  i^H 
foree  from  the  great  rotatory  velocity,  as  it  twisted  off  tree^H 
breaking  tbem  more  than  overturning  them.  A  lumlwr  wag-  ^ 
goo  was  raised  into  the  air,  and  carried  a  considoahle  di^H 
inner.  A  stick  of  timber,  which  required  cij;ht  men  to  carr^^ 
it   was  rcmovtd  to  the  distance  of  fifty  roods.     On  the  lakC|    , 
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e  water-6pouts  were  Ttt!s«I,  and  a  great  body  of  water 
ned  to  be  elevated  into  the  air.  It  paM4-d  over  n^aily  the 
dtc  of  tliiM  part  or  ibe  lako,  as  it  was  too  fnr  from  Cobourg 
iLe  norlb  mMc,  nnd  from  KocbcsU'r  on  the  soutli  Ktdci  to 


2.   Fall  of  (he  tfaitr  of  the  Ldtes. 


I  is  well  known  that  the  levti  of  Lnke  Ontario  alowty 
cemied  ciirouKh  several  monllis  of  last  year.  The  collector 
die  port  of  Oeni-^cv,  L.  U.  Lmngworthy,  causeil  sccurntc 
■surcmcniH  to  W  made  at  the  mouth  of  the  riwr,  which 
■e  b«cn  continued  by  bis  sncccssor.  The  Icvvl  was  consi- 
nbly  lower  last  summer  than  in  sl'VltuI  years  before;  and 

[ec^l  fell  [ill  the  beginning  of  this  ycur.  About  the  1st  of 
irch  it  began  to  rise,  as  shown  by  ibc  following  record  from 

eoltt^toi's  office :  — 


1BI5 June  1,  Water  belww  top  of  Wharf 


ditto 
ditto 
dill* 
ditto 
iliilo 
ditto 
ditto 
ditto 
ililto 


e  melted  snows  of  March,  and  rains  since,  bare  made  a  rise 
more  than  a  foot. 

The  level  of  the  water  has  bten  con*i(lerahly  lower  than 
lal  in  Lake  Krie,  and  at  DeLruit,  and  in  I.nkc  Michigan, 
D  at  Niu^^ara  I'alU.  'Ihe  same  fact  is  dvublless  true  in 
ke  Superior;  for  the  same  reason  has  been  operating  over 
"'  f  region  of  the  great  takes.     An  uncomtnon  drought  for 
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IOt  Tacliudi  Ml  Guaim. 

more  limn  bDlfof  1845  extended  over  tfais  wliolc  flection. 
QOUne,  Far  leaa  u>aler  than  h  cdwoumi  tpii*  pout  rrl  into  the  ta 
The  cause  of  the  fall  U  most  obvious ;  «uil  (here  can  be 
npcessity  for  a  rewrl  to  tbe  notion  of  a  rogular  and  periodic  _ 
riiie  and  fall  of  the^-  inland  M-a«,  or  to  a  supposition  oftn 
actual  sinking  of   the  bottom  of  their  oullet*.       WUile  lUj 
drought  cxt«nde{l  over  a  wide  extent  of  our  country,  the  *ci 
sons  were  net,  and  niin  «-a«  abundant  in  tlie  wcttvni  porti  ol 
£urope. — {.-ImericaR  Journal  of  Science  and  Arts,  2d  serif 
No.  4,  Jul)-  1846.) 


0»  Guano  {Huauit). 

Oppotite  to  Pt«c<>  and  Cbincii  there  is  a  gronp  of  sobII 
islands,  of  which  the  Inrgei^t,  Tanj^allan,  is  six  Kn^liji  miln 
distant  from  Pisco.  These  isbnds  liuvc,  of  lute  ycom,  b^• 
come  celebrated  on  account  of  the  great  quantity  of  gaano 
that  has  been  exported  from  them. 

Guano  (or,  according  to  the  more  correct  onhogrtiphy. 
Huanu*)  i*  found  on  the«e  inlands  tn  enormous  lovers  of 
from  thirty-five  to  forty  ft-et  lliiek.  The  upper  strain  arc  of 
a  grey isli- brown  colour,  which,  lower  down,  becomes  darker. 
In  the  lower  strata  the  colour  h  n  rosly  red,  as  if  tinged  by 
oxide  of  iron.  The  Guano  bccorops  progressively  more  and 
ntore  solid  from  the  surface  downward,  a  circumstance  natu- 
rally accounted  for  by  the  gradual  deposit  of  the  strata,  and 
the  evnporation  of  the  fluid  particles.     Guano  is  found  on 
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•  The  original  word  b  Haann.  whifh  Ti  n  (orm  in  the  Qolchns  ilbji 
■leaning  "aiiimnl  dung;"  for  emni^JR,  /tunniieiihwiitu  (t'icr»mcnt  of  ih* 
Iluanui^iO.  At  the  wurd  li  now  •^cniraUy  used,  it  is  tui  Blibreviation  of /V«Ah 
ffuanu,  bird-dung-  Thc>  Spaninrilj  liuvp  conTcrlfd  tha  final  sjIUble  nu  into 
no.  HI  ihej'  tlu  ill  nil  lhi>  wDrds  ndopd'il  rnnii  tlip  (fuichua  nliith  Iibic  tlidh 
tncminution.  Tlw  Kiirui>i.'aii  aTOiognpht,  Oii'ino,  whioh  ii  also  followoil 
tipiuitth  Amoriou,  ii  qulto  arronaou*.  for  Ihr  QutiJiiiH  liin;;<i»;;i<  is  drficii 
III  (I|A  IvKcr  0,  ki  i(  it  in  icvvrnl  other  coniofiaiiti.  The  //  In  (b*  comiuroot!- 
tnpiit  of  lh«  ir«nl  i*  (trongl;  a«plra(4>d,  wlitncv  tliv  trror  in  Uio  ortboj) rapby 
of  ili«  Spanlanli,  *ho  bkrondlj  Mm)pt*dtholiiiii;uflg««ribo  AolochthoM* 
0/Ptn. 


mo 


H(et3Mndi7^9°'^  f^"  most  of  tlic  uninliabilL-d  promontoricB  of 

Hjie  West  of  South  Ameiica,  e»pci-iatly  in  ilioic  parts  nitbin 

^ft«  tropic*.     I  Imvc  often  been  assured  that  bed*  of  Guano, 

^feveral  fc«t  tiif;li,  covered  nitli  earth,  are  found  inland  at  some 

^aUtanco  from  the  sea;  but  I  never  met  with  any,  and  1  have 

Bome  doubt:*  of  lh«  corrt-cttie«sof  thefllatenieiit.     If,  howc%'cr, 

these  inland  strata  ri-ally  exist,  I  am  inclined  to  believe  th&t 

lliey  can  only  tic  found  on  hilly  jj^round ;  and  in  that  case  ihey 

alTonI  strong  evidence  of  a  consideralile  elevation  of  the  roa»t. 

Guano  is  formed  of  llie  excremonta  of  dllTerent  kinds  of 

avariou  birds,  as  mewit,  divers,  eheerb^aks,  &c. ;  but  the  ttpecies 

which  I  can  name  wiib  more  precision  are  the  fuUowing: — 

LaruH  motUitiis,  Tach. ;  Bhinckops  niffra,  Lin. ;   I'lotua  Jn- 

AiHffa,    Lin.;   Peleotitcs  thayus.    Mo],;  J'kalacroinrox  Gai- 

aon/t'i)  and    alOigula,   'i'sch.    {JWectmut   Gaimardti,    Lcm; 

Corto   ali^ffula,  Brandt)  ;   and    chiefly   lh«    Sula  variff/ata, 

Tsch. 

The  iinmeuBe  floi-k^  of  these  birds,  as  they  fly  along  the 
coast,  appear  like  i-lotids.  When  their  va«t  numbers,  their 
exuaordtnary  voracity,  and  tlic  facility  with  which  they  pio- 
mtv  ihcir  food,  are  considered,  we  cannot  be  surprised  at  the 
Bia)jniiiid(r  of  tlic  bcd)i  of  Guano,  which  have  resulted  from 
Oatnterrupled  ai-cuinulutions  during  Ri»ny  thnusund  yeiiriu  t 
licpt  for  some  days  a  living  Sala  vm-ivt^ala,  which  1  fed  nbiin- 
dantly  with  fish.  The  average  weight  of  the  excrement  daily 
was  from  three-and-a-half  to  live  ounces.  I  have  no  doubt 
that  when  the  bird  is  In  a  state  of  freedom,  the  weight  must 
be  much  gTc-ater;  for  thesL-  birds  are  constantly  plunging  into 
the  sea,  in  order  to  devour  ibe  fi.ihes,  which  they  liiid  in  ex- 
Iraordinary  masi^cs  around  all  iht;  iitlands.  Whni  an  iHl.iiidis 
inhabited  by  millions  of  sea-bird^  though  two-thirds  of  the 
Guano  should  bo  lo&t  while  flying,  still  a  very  eonsidcrulilo 
llnitum  would  be  accumulated  in  the  course  of  a  year. 

The  murine  birds  nestle  on  the  uninhabited  islandx,  or  on 
roiJts  near  the  shore;  but  they  never  sctlle  on  (he  flat  buacb, 
or  any  place  distant  from  il  inland.  On  [his  fact  I  (ground 
my  conjecture,  ihattho^e  bi'ds  of  Gnuno  inihe  i n ten ur,  which 
may  have  been  removed  from  the  shore  by  impurtaut  eUva^ 
tions  of  the  coast,  are  to  be  found  only  on  hills.  i 
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Uiirii)g  tlie  fust  ye»r  of  tbe  dcpmit  tUe  stnitn  tm  irliitf,! 
and  the  ^uitno  U  thoti  called  Giuino  btanro.  In  tlii-  n[>iiiioa  I 
of  tlte  IVruvmn  culiivators,  this  U  the  mott  cfficucioiw  ktnd.4 
It  is  found  in  the  PuiiUi  de  Uuimillos,  on  ibv  tgUiidt;  uf  ItlafnJ 
Jesus,  Margarita,  Sec.  I 

As  soon  as  the  dealers  in  gaano  bc^in  to  work  one  of  tbt] 
beds,  tlie  island  on  which  it  is  foimed  b  alMuidoned  hy  tlie] 
bird*.  It  lias  aUo  l>e«ii  rcmaiked,  ihnt  since  tlie  inciease  ef J 
tnde  and  navigation,  they  have  withdrawn  from  the  islanthl 
In  tho  nrij^hbouihood  of  the  poriH. 

Much  lias  iccciiily  l>ccn  nritten  on  the  employni<>nt  nnd 
utility  of  guano;  but  the  rounncr  in  which  it  w  rmploypd  ■■ 
manure  in  Peru,  seems  to  be  but  littlu  liiiowD.    The  FL-turiaM 
as«  it  chiefly  in  the  cultivation  of  niAtsc  and  potatoes  ;  a  few 
weeks  after  the  seeds  begin   to  shoot,  a  little  liullow  is  Aug 
round  eacli  root,  and  is  filled  up  with  guano,  which  is  nfi 
wards  covered  witli  a  layer  of  earth.     After  the   lapse  ol 
twelve  or  fifteen  houis,  the  whole  field  ia  laid  under  water* 
and  is  Icf^  in  that  st;tte  for  some  hours.    Of  the  Guano  hUiMO 
a  less  quantity  stil]ices,  and  the  field  must  be  inon!  ttpecdily 
and  abundantly  watered,   olbetwlse  the  roots  would    be  Ae 
stroyed.     The  elT<-ct  of  thi-t  manure  is  iutredibiy  rapid.     In  a 
few  days  the  growth  of  tlie  plant  is  doubled ;  if  the  manure 
be  repeated  u  second   time,  but  in  smaller  tjunntiiy,  a  ticl 
barvest  is  certain ; — at  least,  the  produco  will  be  tbre«f< 
that  which  would  have  been  obtained  from  the  unmanured  toil 

The  haciendas  of  the  valley  of  Cliaiicay  have,  during  tli 
last  fifty  ye&n,  eotisumed  annually  <i3,0OI)  to  36,000  bushel 
of  goano  brought  from  the  iitlands  of  Chanvha  and  Pisco. 

The  price  of  the  bushel  of  coloured  guano  i^t  one  dollar  a 
a  quarter,  and  the  price  of  the  white  from  two  to  tbree  dollars. 
The  price  has  recently  undergone  many  fluctuations,  in  coose> 
quence  of  the  great  exports  to  Europe.  h 

The  employment  of  this  kind  of  manure  is  very  ancionl  i^| 

Peru ;  and  there  is  authentic  evidence  of  its  having  been  uaed 

[in  the  time  of  the  Ineas.     The  white  guano  was  then  cbieAy 

Ifound  on  the  islands  opposite  to  Chincha ;  so  tliat  for  upwards 

of  six  hundred  ye.va  the  deposit  has  been  progrcssirely  re- 
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moved  from  tliose  iKlnii<l«  witliout  any  upparcnt  Hfen-s««  of  the 
liccumulalion.  Thf  iiniftinnily  »!'  climate  on  a  crMwt  wliero 
lliore  is  not  much  rain,  inu<«t  coiurilnitc  tt>  rentier  t)ic  Pcruviaii 
g:uano  a  more  uri<l  munuru  than  llic  Afrlciiit,  us  rnwi-r  of  the 
•alino  particles  of  the  former  being  in  solution,  they  an-  coi^ 
8«qucntly  Ii*«s  subject  to  fvuporutioii. — {Dr  TscAudi'g  TraifcU 
in  /V™,  p.  239.) 


Om   Coca  (Erj/tAro^lon   Qtea,    Lam.)     Hy    Dr  J.   3.  Vi>» 

TsCKUDI. 

The  coca  (E/ythrorglon  coca.  Lam.)  ii  a  shrub  about  six 
feet  in  height,  with  bright  green  Icarei  and  white  blossoms; 
the  btter  are  succeeded  by  small  scarlet  herriea.  It  ii  rai»«il 
from  the  seed,  in  gardgn-beds  i-ali^d  almazigas.  When  the 
young  ithnotH  are  one  and  a  half  or  two  feet  hrgb,  ihey  are 
removed  lo  rei;itlatly  laid  oiiicoca  fields  {eocalet),  where  they 
«T«  planted  at  the  distance  of  about  three  spang  from  each 
other.  The  coca  requires  humidity;  therefore,  during  the 
first  year  or  two  after  it  is  planted  in  the  Belds,  maize  is  sown 
between  the  matas,  or  young  shouts,  (o  screen  them  from  the 
too  great  influence  of  the  sun.  When  lire  leaves  are  rip<>,  that 
is  to  say,  when,  on  being  bent,  they  crack  or  break  oiT,  the 
gathering  commences.  'Ihc  k'avea  are  stripped  from  the 
bmnchcs,  a  tatk  usually  pt-rformed  by  women  ;  and  it  requires 
great  care  lc«t  the  tender  leaves  and  young  twi|;i>  should  be 
iigorvd.  In  «ome  difttricls  the  Indiana  arc  so  very  carvful  in 
gathering  the  coca,  that,  instead  of  Ktrl|)ping  off  the  Kaves, 
tb«y  cut  tliem  from  the  stem  by  making  an  incision  witii  their 
nail«;  the  plant,  thus  rendered  Itafle^s.is  soon  attain  overgrown 
with  verdant  foliage.  AlVr  being  gathervd,  (he  U-avcs  are 
Rprca<l  out  on  coarse  woollen  cloths,  and  dried  in  the  Kuti. 
The  colour  of  the  leaves  when  dried  is  a  pale  green.  The 
dryiog  is  an  operation  which  likewise  demands  great  care  and 
attention  ;  fur  if  the  leaves  imbibe  damp,  they  become  dark 
coloured,  ami  then  they  sell  for  a  much  lower  price  than  when 
ihey  krc  green.     'I'he  dry  coca  is  finely  packed  in  woollen 
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stclt«  and  covered  with  und.  These  sacks  nro  of  various  sim 
end  colotuK,  in  diH'ercnt  parts  of  the  MonUnas.  lu  IIuanuN 
they  arc  grey  or  black,  and,  wht^n  iillol,  weigh  from  seventy- 
five  to  eighty  pounds.  In  Vjtoc,  they  are  grey  and  white, 
■nd  contain  one  hundred  and  fifty  pounds.  Id  Iluantu  ani! 
Anco,  thry  am  small  in  size,  and  black  or  brown  ia  coloVb. 
■nd  contain  merely  one  aro1>a.  In  the  Moiitanns  of  Urfl 
hamba,  Culcii,  and  Paucartambo,  the  coci  leaves  are  put 
in  small  baKkvts,  called  retfot,  and  covered  wiUi  sand.  Grcal 
care  is  also  roqutMtc!  in  the  carriage  of  the  coca,  for  if  damp  fat 
allowed  to  gtenetrate  the  sack,  the  leaves  become  hot,  or,  ai 
the  natives  <-x[)r<-HS  it,  Se  calieutun,  and  are  thereby  rendered 
ttseless. 

The  Indians  masticate  tho  coca.     Kiich  individual  carries* 
leathern  pouch  called  the  huaHifui,  or  the  r/iuspa,  and  a  snull 
flask  j^ourd,   called   the   iichapuru.  ,  The  pouch  contains  s 
supply  of  c»ca  K-avea,  and  the  gourd  is  lillMi  with  pulverised 
unslaked  lime.     Usually  four  timet,  but  never  less  than  three 
times  a-day,  the  Indian  suspnds  his  labour,  for  the  purpose 
of  nmstioating  coca.     This  operation  (which  i«  termed  choc- 
ehar  ox  acuUicar)  is  performed  in  the   folloiving   manner:— 
Some  of  the  coca  leaves,  the   stalks   having  been  carefully 
picked  off,  are  ma&tioaled  until  tltey  form  a  bmall  bull,  or,  «i 
]|  is  called,  an  aculUco.     A  thin  slip  of  damp  wood  is  then 
thrust  into  the  ishcupuru,  or  gourd,   and   when  drawn  out, 
some  portion  of  the  powdered  lime  itdhcres  to  it.     The  aatl- 
lieo,  or  ball  of  masticated  coca  leaves,  is,  whilst  Still  lying  in 
the  mouth,  punctured  with  this  slip  of  wood,  until  the  lime 
mixing  with  it,  gives  it  a  proper  ieli«h,  and  the  abundant  flow 
of  saliva  thus  excited,  is  partly  expectorated  and  partly  sw. 
lowed.     When  the  baUceasc*  to  emit  juice,  it  is  thrown  awa; 
and  a  new  one  is  formed  by  the  mastication  of  a  fresh  mout 
ful  of  coca  leaves.     In  Cerro  dc  Pasco,  and  in  places  still 
farther  south,  the   Indians  use,  instead  of  unslaked   lime,  a 
preparation  of  the  pungent  ashes  of  the  quiniia  (CAfHo/joitium: 
Quinua,  L,)     This  preparation  is  cnlled  Z./iif/a  or  jUr/;f4i.     £^| 
using  it,  a  piece  is  broken  off,  and  masticated  along  with  the 
ocuUicQ.     lu  some  of  the  Muutunu  regions  the  Llucta  is  mad^^ 
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from  the  nthcs  of  ibe  muu  root,  TW  application  of  the  un- 
■laki-'l  lime  demands  some  prccnution,  for  if  il  eomvs  in  direct 
contact  niih  the  )ip»  und  };nm8,  it  cuii«t>«  a  very  painful  burn- 
ing. Duiing  a  futiguin^  ridcacroM  tlie  level  lieif;li|.«,  where, 
Cutting  to  tlie  coid  wind,  I  experienced  a  difficulty  of  respiration, 
my  arrii-ro  recommemled  me  to  chew  coca,  awuring  me  (hat 
I  would  experience  great  relief  from  so  doin^.  lie  lent  roe 
bi«  hwiUqni,  but,  owing  to  my  awkward  mnnner  of  using  it,  I 
cauleriscd  my  lips  so  severely  tbat  1  did  not  venture  on  n 
second  experiment. 

Tlie  Savour  of  coca  is  not  unpleasant.  It  is  sltghlly  bitter, 
iromatic,  and  similar  to  the  worst  kind  of  green  tea.  When 
mixed  witb  the  n.sliex  of  the  musa  root,  it  is  somewhat  pun- 
^nt,  and  more  pleasant  to  Kuropcan  palates  than  it  is  with- 
out that  addition.  The  «mell  of  the  frcHli-dried  leaves  in  a 
mass  iH  almost  overpowering ;  but  this  smell  entirely  goes 
when  they  are  packed  in  the  sacks.  All  who  masticate  coca, 
Iiave  a  very  bud  brcuth,  pale  lips  and  gums,  greeniah  and 
stnmpy  teeth,  and  un  ugly  black  mark  at  the  corners  of  ih« 
mouth.  An  inreierate  coquero,  or  coca  chewcr,  is  known  at 
the  first  glance.  Ills  unsieady  gait,  liis  yellow- coloured  ekin, 
his  dim  and  sunken  eyes  encircled  by  u  purple  ring,  his 
quircring  lip*,  and  his  general  aputby,  all  bear  evidence  of 
the  baneful  cfTccts  of  the  coca  juice  when  taken  in  cccess. 
All  the  mountain  Indians  arc  addicted  more  or  leas  to  tfae 
practice  of  masticating  cocu.  Each  man  conaumes,  on  the 
average,  between  one  ounce  and  an  ounce  and  a  half  per 
day,  and  nn  festival  days  about  ddulde  that  <]unntiiy.  The 
owners  of  mines  and  plantations  allow  their  labourers  to 
BUSpcnd  their  work  three  times  a^iiay  fur  the  cAaccAar,  whicli 
usually  occtipie'«  upwards  of  a  quarter  of  an  hour;  and  after 
■hat  ibey  smoke  a  paper  cigar,  wfaiih  crowns  tiie  zest  of 
the  coca  mastication.  He  who  induljres  for  a  time  in  tliv 
u&e  of  coca,  finds  it  difltcult,  imleed  almost  impossible,  to  re- 
linquish it.  This  fact  I  saw  e.^emplilii-d  in  the  cases  of 
several  persons  of  high  respectability  in  Lima,  who  are  in  the 
habit  of  retiring  daily  to  a  private  apartment  for  the  purpose 
of  masticating  coca,     Tbey  could  not  do  tbia  openly,  because 
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amfli)^  tl)«  rvftncd  claxs  of  FeiuvianH  the  chaochar  U  looked 
upon  ns  A  low  and  vuljirar  pnctice,  beStting  only  ibe  ii* 
bouring  Indiana.  Vet  EuropeanR  occasionally  allow  them* 
selrea  la  full  into  ibU  habit ;  and  I  knew  two  in  Lima,  the 
one  uii  Iluliun,  and  the  otlier  r  Bisckyan,  irbo  wore  confiimi-il 
omjucrM  in  ttie  stricti.'st  ccn»e  of  ibe  word.  In  Cvrro  ile 
Pasco  tberc  nrc  societies,  having  ercn  Englithnicn  for  tlicif 
member!),  wbicti  meet  on  certain  evenings  for  the  cliacchar. 
In  these  places,  instead  of  lime  or  ashes,  sugar  is  sened 
along  with  tbe  coea  leaves.  A  member  of  one  of  these 
clubs  Infornii'd  mv  tbut  on  the  few  first  trials  the  sugar  wu« 
found  very  agreeable,  but  tbut  uflcrwards  tbe  [Mla(«  required 
some  more  pungoiit  ingredient. 

The  operation  of  the  coca  is  similar  to  that  of  narcotics  ad- 
iDinislerpd  in  smalt  dosett.  ItH  effects  may  be  compared  to  ibose 
produced  by  tlic  thornappte,  ralber  thau  to  those  atising  from 
optum.  We  shall  afterwards  notice  tbe  consequences  result- 
ing from  drinking  the  decoction  of  tbe  datura.  In  the  invete- 
,  rate  coquero  similar  symptoms  are  observable,  but  in  a  miti- 
Igated  d^i^ree.  I  may  mentioo  one  circumstance  attending 
tbe  use  of  coca,  which  appears  hitherto  to  have  escaped  iiotico 
— it  is,  that,  after  the  mastication  of  a  great  quantity  of  coca, 
the  eye  seems  unable  to  bear  light,  and  there  is  a  marked  dis- 
tenMon  of  the  pupil.  I  have  also  observed  this  peculiarity  of 
tbe  eye  in  one  who  had  dmnk  a  strong  extract  of  the  infutiou 
of  coca  leaves.  In  the  effects  consequent  on  (he  use  of 
opium  and  coca  there  is  this  diatinction,  that  eoca,  when  ukKi 
even  in  tlie  utmost  excess,  never  causes  a  total  ulieiiatioh  of 
the  mental  powers,  or  induces  sleep  ;  but,  like  opium,  il  excites 
the  sensibility  of  the  brain,  and  the  repeated  excitement  occa- 
sioned by  its  intemperate  use  after  a  scries  of  year«,  wears  out 
mental  vigour  and  activity. 

It  is  u  well-known  fact,  confirmed  by  long  observatiou  and 
^experience,  that  ilie  Indians  who  regularly  masticate  coca,  re- 
quire but  little  food,  and,  nevertheless,  go  through  cxcessiv 
labour  with  apparent  ease.     'Itiey  therefore  asoiibe  the  mo 
extraordinaryqlnUlies  to  the  coca,  and  even  believe  that 
might  be  made  enrft^ly  a  substitute  for  food.     Setting  asid 
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nil  «.-ttnivagant  and  risionary  notions  on  the  tiibjcctt  I  am 
clpuriy  of  opinion  that  llie  nio<l«raie  use  of  coca  U  not  meivly 
innoxious,  but  iJial  it  may  be  oven  very  conducive  to  health. 
In  support  of  thin  conclusion)  I  may  refer  to  tbe  ntimcrous  ei- 
ampler  of  longevity  aoiongthe  Indiaofl  who,  almost  from  the 
age  of  boyhood,  have  been  in  ilie  habit  of  inu^tiraliDg  coca 
three  timet)  a-day,  :in<l  who,  in  the  coune  of  their  lives  have 
consumed  no  less  than  two  thousand  seven  hundred  pounds, 
yet,  ncvcithelcss,  enjoy  perfect  health.*  The  food  of  the 
Iiidiiins  coneifta  almost  csclusirely  of  vegetable  subtitancea, 
ttpcciuUy  roasted  maize,  and  barley  converted  into  flour  by 
ernsbing,  which  they  eat  without  the  admisture  of  any  other 
substance.  The  continued  use  of  this  farinaceous  food  ocea- 
lions  »evi>ie  obstructions,  which  the  well-ltnown  aperient 
qaaUlies  of  the  coca  counteract,  and  many  serious  diseases  are 
thereby  prevented.  That  the  coca  is  in  llie  highest  degree 
nolritiouc,  is  a  fdct  beyond  (li:«pnte.  The  incredible  fatigues 
endured  by  the  Peruvian  infantry,  with  very  spare  diet,  but 
with  the  regular  use  of  coca ;  the  laborious  toil  of  the  Indian 
miner,  kept  up  under  similar  circumstances,  throughout  a  long 
series  of  yeurw,  certainly  afford  sulficient  ground  fur  iitirihuttng 
to  the  coca  k-avcs  not  a  quality  of  mere  temporary  stimulus, 
but  a  powerful  nutritive  principle.  Of  the  great  power  of  th« 
Indians  in  enduring  fatigue,  with  no  other  siifiteiiance  than 
eoca,  1  may  here  meiilion  an  example.  A  cholo  of  Huart, 
named  Hatun  Huamang,  was  employed  by  me  in  very  labo- 
rious digging.  During  the  whole  time  he  was  in  my  service, 
»iit,f  five  days  and  nights,  he  never  tasted  any  food,  and  took 
only  two  hours'  sleep  nightly.  But  at  iutervali  of  two  and  a 
half  or  three  hours,  he  regularly  masticated  about  half  aa 
ounce  of  coca  leaves,  and  he  kepi  an  acuUico  continually  in 


*  I  atlaJe  hrra  to  lni]i<ridunl>  (tixl  xuoh  eucn  mo  b^  na  mennt  ilnguUr)  ohn  bi*e 
titfttneil  (ho  grHl  i<^i>  of  nim  huiiilrad  itnit  tfalrlT.  Snpiiaflni;  thair  liiiliBni  lo 
bit'e  k'CoB  ■■■  ni'iti^itf  «idi  U  ten  yru'  <U,  bikI  cakulil*  Ihilr  AMy  I'untirmp. 
lion  »  >  mi»>inu[<i  M  ui>e  ount'i.  ilio  intah  i>  ilia  cua)U(nplt>iii  ot  (wsaljr  i 
Iwndrei]<i4i|lil  io  dm  buud'«d  und  ('•mily  Ji*n. 
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hh  inovtb.  I  mis  constantly  bc«dc  him.  aod  ilicrvfuM  1  hf^ 
the  opportunity  of  cloicty  oLmc rviiijf  hini.  The  wuik  Tot  oritur 
1  I'D^iL^cd  him  bviiig  fint.ihci),  h«  acc»in{»nied  me  on  a  t«« 
dayi'jourR«y  of  twenly*lbrvc  league*,  acres*  the  Uvel  heighu. 
Though  on  foot,  hv  krpt  up  with  the  puce  of  my  mule,  aad 
hulled  only  for  the  chacehar.  Uii  luui-iuj^  inc,  be  declared  that 
lie  would  willingly  engage  hiiD«elf  ngMti  for  the  saine  amount 
of  work,  aii<l  that  he  would  go  through  it  without  fowl,  if  I 
would  hut  allow  him  a  sufGcicnt  supply  of  coca.  I'hc  villi^ 
priest  »<isured  mo  that  this  man  wa«  sixty-two  yvnrs  of  agv, 
and  that  be  had  ttcver  known  htm  to  be  ill  in  hi*  life. 

The  Indians  mwntain  that  coca  i*  the  bent  preventive  of 
that  difficulty  of  respiration  f^U  in  the  rapid  ascents  of  the 
Cordillera  nnd  ihe  Funa.  Of  this  &ct  I  was  fully  convinced 
by  my  own  pcrsonul  experience.  I  speak  here,  not  of  the 
mastication  of  the  leaves,  but  of  tlieir  decoction,  taken  as  a 
beveritgc.  When  L  was  in  the  Puna,  at  the  height  of  14,000 
feet  ahove  the  level  of  the  sea,  I  drank  always,  before  going 
out  to  hunt,  a  strong  infusion  of  coca  leaves.  I  could  then, 
during  the  whole  day,  climh  the  ht^ights  and  follow  the  swift- 
footed  wtlil  animals  without  experiencing  any  greater  difli< 
culty  of  hroathiitg  than  1  would  have  felt  in  similar  rapid 
movements  on  the  coa«t.  Moreover,  I  did  not  suRer  from  tti 
symptoms  of  cerebral  excitement  or  uneaKinc^A  whidi  othi 
truvellen  have  observed.  Tlic  rcuson  peibapD  i»,  that  I  onl] 
drank  this  decoction  in  the  cold  funa,  where  tiae  nervous  syi 
tem  is  far  less  susi-eptiblc  than  in  the  climate  of  tbo  foreali 
However,  I  always  felt  a  sense  of  great  satiety  after  ta 
the  coca  infusion,  and  1  did  not  feel  a  desire  for  my  next  meul 
until  after  the  time  at  which  I  usually  took  it. 

By  the  Peruvian  Indians  the  coca  plant  is  regarded  aa 
flomething  sacred  and  mysterious,  and  it  sustained  an  import' 
ant  part  in  the  religion  of  the  Ineas.  In  all  cereraonies, 
whether  religious  or  warlike,  it  was  introdnced,  for  producing 
smoke  at  the  great  offerings,  or  as  the  sacrifice  it&clf.  During 
divine  worship  the  priests  chewed  coca  leaves;  and  unless  ihcy 
were  supplied  with  them,  it  was  believed  that  the  favour  uf  tlie 
gods  could  not  be  propitiated.     It  was  also  deemed  ueceasary 
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ttiut  the  supplicalor  for  itivina  g^race  Rhould  approacli  the 
pric»l8  with  in  ncnUico  in  his  moutli.  It  wa*  b«Iiev«(l,  ihnt 
any  liiivinrss  uniivrlukeii  without  the  b(?iiediclion  of  coca 
leaves,  could  not  prosper;  and  to  the  tihruS  Itself  worship 
was  rendered.  During  an  interval  of  marv.  iliun  three  hiii»- 
dred  years,  Christiuiiity  hati  not  been  able  to  subdue  the  decp- 
rootftd  idolatry ;  for  everywhere  wc  find  traces  of  belief  ia 
the  inyHteriouA  p[>iver»  of  tliis  plant.  The  excavators  in  ihe 
minen  of  Cvno  de  Fasco  throw  masticated  coca  on  hard  veiria 
of  metal,  in  the  belief  that  it  sofiens  the  ore,  and  rendcra  it 
more  e^sy  to  worlc.  The  orifi;in  of  this  cuEtam  n  cosily  ei- 
plnined,  when  it  is  recollected  that,  in  the  time  of  the  Incaf, 
it  was  believed  that  the  Coyas,  or  the  deities  of  metals,  ren- 
dered the  mountains  impenetrable,  if  ihey  were  not  propitiated 
by  the  odour  of  coca.  The  Indians,  even  at  the  present  time, 
put  coca  Icsveft  into  the  moutha  of  dead  pcr«ons,  to  secure  to 
them  a  favourable  reception  on  their  entrance  into  another 
world;  and  when  a  Peruvinn  Indian  on  a  journey  falls  in 
with  a  mummy,  he,  with  timid  reverence,  presents  to  it  some 
coca  leaves  as  his  pious  offering. 

Soon  after  the  conquest  of  Peru,  when  the  Spaniards  treated 
the  Indians  and  all  their  customs  with  contempt,  coca  be- 
came an  o'tject  of  aversion  to  the  Whites.  TIic  reverence 
tendered  by  the  natives  to  the  coca  plant,  induced  the  Spiiniards 
to  believe  that  it  posoesaed  some  demoniacal  influence.  The 
officers  of  the  government  and  the  clergy,  therefore,  endea* 
vonred,  by  all  posKible  meanR,  to  extirpate  its  use  ;  and  this 
ia  one  cause,  hitherto  overlooked,  of  the  hatred  with  which 
the  Indians  regarded  the  Spaniards,  In  the  second  council 
held  at  Lima,  tn  15C7,  ecjca  was  described  '*&4a  worthlvu 
obJRCt,  fitted  for  the  misuse  and  superstition  of  the  Indians;" 
and  a  loynl  decree  of  Ui;iober  18,  \bi\Q,  ex|)rL'ssly  declares 
that  the  notions  entertained  by  the  natives  that  coca  gives 
them  strength,  i«  an  "  illusion  of  the  devil  "  [una  eliuion  del 
demonio).  The  Peruvian  mine  owners  were  the  first  to  dis- 
cover the  importance  of  the  eluicehar  in  assisting  the  Indians 
to  go  through  their  exci-^Kirc  labour;  and  they,  lo;>;cthcr 
with  the  phiniution  ownen,  became  the  moat  cumesC  det'en- 


of  coca.  The  conBe(|uencc  v»a,  tUat,  in  de6ance  of 
royal  and  ecclcimtlicul  oidiiiEiiic<.-s,  its  use  incTCBH«t  whet 
tban  dicniniBbcd,  One  of  the  warmest  advocAleH  of  the  plut 
Willi  thv  Je«uit,  Don  Antonio  Juhan,  who,  in  ii  wotk  mii*- 
Ui-»1  Prrta  de  America,  lamenls  that  coca  x»  not  intruiluccil 
into  l^iirop«  inittenil  of  tea  ami  coflee.  "  It  io,"  ho  obflctra, 
"meUnoholy  to  T«f)is:t  that  the  poor  of  Kurope  ciinnot  obtain 
ibis  preservative  aj^aiiist  hunger  anil  thirtt;  that  our  worMnj;  I 
pisiplc  arc  not  supported  by  tbis  BtrengUienini;  plant  in  ik-ir 
IfHip-continued  labours."*  In  ihc  year  1793,  Dr  Don  Pedro 
Nolaseo  Crespo  pointed  out,  in  a  treutiHc,  the  important  wl- 
vantagM  that  would  hf.  derived  from  the  use  wf  the  coca 
plant,  if  iolroduced  into  the  European  navicH  ;  and  bevxpresw* 
a  wi«h  that  experiments  of  Its  utility  in  that  way  would  b« 
tried.  'I'bough  it  U  not  probable  Unit  Dr  Crc»po'«  wish  will 
ever  be  realised,  yet  there  is  little  doubt  that  the  tute  of  cocr, 
lOS  a  bcvcra}>e  on  bo.ud  ship,  would  be  attended  with  very 
'beneficial  reauUs.  It  would  atTurd  a  nutritiuuN  rclVesbmcnt  to 
acamen  in  the  exercise  of  tbeir  laborious  duties,  and  would 
greatly  assist  in  counioractin^  the  unwholesome  effecta  of  sal( 
provisionB.  As  a  stimulant,  it  would  be  far  iesH  injurious  ibaq^ 
ardent  spirits,  for  which  it  might  be  substituted  without  fea^l 
of  any  of  the  evil  consefjuences  ciperienced  by  the  cdyKcrofc" 
After  a  long  und  uticntivc  observation  of  tbe  effects  of  eocn, 
I  am  fully  convinced  that  it«  use,  in  modcnition,  ia  no  my 
delTimt-nlai  to  b«iltli;aiid  that,  without  it,  the  PcTurian  Indian, 
witli  his  Sparc  diet,  would  be  incapable  of  going  through  tbe 
labour  which  hu  now  performs.  Tbe  coca  plant  must  be  coD- 
sidered  as  a  great  blessing  to  Peru.  It  is  an  essential  means 
of  preserving  tbe  nationality  of  the  Indians,  and  in  some  inca* 
sure  miliguiing  the  mekncbaly  fate  of  the  once  great  race, 
which  disease  und  excessive  labour  now  threaten  to  dciitroy. 
Jq  former  times,  the  cultivation  of  coca  in  the  Montana  de 


*    The  trnrihjr  Fndrr  fn'gvit  ih*  h-sh  price  thai  waulil  tn  chnrKdl  fbr  onM  I 
Eur-ijir.      In  Turm*  noil    iliun<'Ci>,  Ihrar-hi    (iKtnlj-Hv*   pnpndO  tmtr.  M  Mij 
■laiig*.  ill  S|jinl(h  iklUiti   iilil  ti   lliii  ill*  «ri1»i;*  lu    I.iaiOv  lb*  fiit^bt 
Eurapp,  cuiMiD-li'uw  duilc*,&c.,  knd  ihlipiin  vould  Iw  niulr  dcoblei. 
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Vitoc  was  very  considerable.  Upwards  of  4000  arobatt  tuied 
to  lie  nnnimlly  forwarded  to  the  market  of  Tumi» ;  now, 
only  50  aroba-s  sr^  sent." 


An  ^ceowtl  of  the  Attnittg  Arademie*  of  Saxony  and  Jiun- 
yory.  By  Wakkinoton  W.  Smyth.  M.A.,  Oainbridge, 
Mining  Geologiirt  to  tin-  Geological  Survey  of  the  United 
Kingdom.     Fi>oiii  n,  copy  conmitinieated  by  the  Author. 

^^moug  tJic  various  applications  of  goology  to  the  UHcfiil 
parpotieit  of  life,  the  art  of  mining  niOBt  directly  nood;*  tlie 
Application  of  that  science,  and  reqiiircB.  for  the  siifcesaful 
furtherance  of  its  views,  tiie  ino§t  extended  acqtiaintoucc 
witlt  the  goolujirical  facts  observed  at  different  times  and  in 
diffcrcut  places. 

Ever}'  tliinking  miner  mast  indeed,  in  n  certain  sense, 
;  thoQgh  perhaps  in  a  very  confined  sphere,  become  a  geologist ; 
little  aa  the  practiinl  eoal-viewer  or  mining  agent  may  be 
prepared  to  receive  the  title;— and  he  bases  his  operations, 
whether  relating  to  the  discovery  of  new  mineral  treaaurts, 
or  to  the  prosecution  of  those  already  found,  on  rnhis  which 
the  experience  of  years  haa  taught  him  to  lay  down  ;  and  in 
proportion  to  the  strength  of  hia  judgment,  the  retcntiveness 
of  his  memory,  and  the  opportunities  of  seeing  and  testing 
which  have  been  afforded  liim,  will  he  be  likely  to  carry  out 
advantageously  the  work  on  which  he  is  engaged. 

IxK>kii)g  at  the  class  of  men  who,  in  this  kingdom,  are  in- 
trusted ivith  the  direction  of  colliencs  and  mines,  we  find 
them,  in  general,  characterised  by  a  remarkable  degree  of 
energy  and  intelligence  ;  and  yet  it  cannot  be  denied  that, 
independently  of  the  losses  entailed  by  the  uncertainty  of 
mineral  veins,  large  sums  are  yearly  aquundercd  on  ill-judged, 
and  sometime.'*  even  itbniird,  speculations,  which  a  greater 
uaoiiiit  of  experience,  on  the  part  of  the  iinipoaer,  would 
have  taught  him  to  modify  or  abandon.     We  cannot  bo  aur- 
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prtaed  to  lieur  of  KimilAr  fiMlulN>8,  whoii  we  consider,  first.  Uie^ 
compunitiroly  Kltort  Unic  over  wliicb  H  wngle  iiiun  can  L-xtvod 
liiH  vii]>vrieni:eH  ;  Kwoii<lly,  t)ie  great  unouat  of  pbvnoaieM 
wlii<-li  muHt  liv  olMcr\-«d  and  compared  to  fonn  a  grouad- 
work  for  practicnl  geology ;  aud.  thirdly,  the  ntinurwii 
branclies  of  other  art«  and  aoienceit,  Rome  of  wliivli  stiouU 
properly  precede  its  studjr,  whilst  others,  imminliaUily  con- 
nected with  the  duties  of  the  mining  agent,  intervene  to  dis- 
tract his  attention,  and  render  it  diHicult  for  him  to  atdun  a 
great  degree  of  proficiency  in  any  one  particular  suliji^rt. 

On  the  continent  of  Europe  uveral  aciulumios  bare  been 
foundcit,  with  tlio  dftsirablo  object  of  Hupptying  to  minera  a 
knowledge  of  geology,  and  tJie  kindred  sclcnccn,  and  of 
estsblisbing  a  storehouse  of  facts  and  experience,  whono« 
they  should  be  enabled  to  roap  the  harvost  nown  by  tiiom  who 
bavc  gone  before  them,  and  Hhould  set  TorM'ard  on  tbclr  own 
career  provided  with  »<ucli  a  stock  of  knowledge  as  to  obviate 
the  necessity  of  pas^King  a  grout  portion  of  tlictr  lives  in  the 
UBelens  repetition  of  that  \i'hiuh  haR  been  done  before ;  anil 
with  the  view  of  aD'uvding  tbeni  a  fftcility,  by  beginning  where 
athere  have  ended, — to  form  new  links  in  tlio  chain  of  im- 
provement, and  thuH  to  carry  out  tbu  prueei<M  by  which  alooe, 
in  every  pursuit,  we  can  hope  to  approach  perfection. 

To  ai^te  at  length  for  the  advantage*  of  such  a  syrtcm 
would  be  here  out  of  place;  uo  man  will  dony  tbe  justice  of 
the  obxerration  of  the  Itoman  poet — 

"  Ego  neo  atudium  tiae  diTits  vena, 
Neo  rude  quid  pOBxit  video  ingenitmi." 

And  a  Biutable  direotioii  of  the  mind,  and  e«rly  exercin 
ncquaiDtance  with  established  principles,  is  surely  no  le 
necessary  to  the   Buccessful  cultivation  of  the  useful 
than  to  the  oniamental  branch  of  Iiterat«r*. 

The  most  remarkable  of  these  mining  collegc^i  are  those  i 
Freiberg  in  Saxony,  ami  Schemnitz  in   Hungary,  Iwcaiil 
both  situated  in  the  centre  of  important  mining  and  mot 
lurgical  operations,  and  therefore  combining  tbe  advnntagel 
of  general  scientific  inxtniction  with  the  practical  application^ 
of  the  art.     As  no  account,  however,  of  thoir  plan  and  work- 
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m  Imen  luid  bcfurt;  the  [iiiblk-  siiict;  th«  liayB  wh«u  tlio 
name  of  ihe  tirat-mentionfil  ac-adi^rny  rt^noiindvd  throughout 
Europe,  to  conDoctioii  witii  that  of  its  celebrated  I^fesaor, 
Werner,  I  bclievo  a  short  description  will  prove  interetiting 
to  tho  miner  s.%  well  an  the  iiiFttaliurgist  and  niine-odven- 
tarcr ;  and  «ince  I  hod  the  opportunity  of  residing  at  each  for 
aou)«  monUia  in  the  yeni'H  1840  ttiid  1842,  and  of  betuing 
certain  oourBes  of  lectures,  as  well  as  of  examining  the  vrorki 
of  the  surrounding  districtn,  tlie  infonnation  will  apply  nearly 
\o  the  present  date. 

The  want  of  an  academy  for  educating  tlie  miners  of 
Saxony  was  made  apparent  by  the  number  of  young  men  who 
flocked  to  Freiberg  as  pupils  of  Dr  HenckeL  and  in  bis  houftu 
hewd  lectures  on  all  the  neccfcsjiry  subjects ;  whilst  in  the 
nvighbuurbood  they  were  provided  with  the  means  of  gaining 
practical  experience.  On  his  death,  in  1744,  students  still 
VLWted  Uie  town  ;  and  at  length,  in  1765,  a  mining  school 
waa  founded  by  Frinee  Xaver,  during  tho  minority  of  tlie 
King,  which  very  soon,  under  tlie  care  oi'  Werner,  who  was 
ap]>ointt;d  inspector  in  1775,  attained  gi'eat  celebrity.  His 
perfect  acquaintance  with  the  Hciences  on  which  he  lectured, 
his  activity  of  mind,  and  his  escellcnt  manner  of  teaching, 
caused  his  class-rooms  to  be  frequented  by  strangers  trum  all 
qiuirters  He  sv^ry  year  read  lectures  on  tlie  art  of  mining, 
mineralogy,  and  geology,  an  well  ivm  on  iron  smelting,  fossil 
remains,  mineralogical  literutnre,  gt-ography.  &c- 

The:se  suhjech^  have,  since  his  time,  been  so  amptilied  as 
to  oiford  suflicieot  occupation  to  sevei-al  Professors ;  and  the 
loiuiner   in   which   they   were   distributed   in    1840   was  as 

illows ; — 


OeBM«l  CtLomiBti7 
Taclmicat  Chemistrj- 
Metallurgy   .  .  .  .  , 

Mineralogy  and  MinenJogioul  Exer 
ciiCB  .  .  .  .  . 

G«<ilogy,  ill  two  coutsen 
Cryslallogrnjihy      .  .  .  . 

I'liystcs  iNutiirol  Phaosophy) 
Fftlwuiitulogy  ,  .  .  . 


Proftmor  LniupadiuiL 
In  1844,  Plattner. 


pTDfeBBor  Bri'itliuupt. 
I    Profi'dsor  Nniuuaiin.  senior. 
J    In  10'14.  Colin. 

>   Prufuftsur  KHcli. 
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Pun  Matlumatio* 

Hlghor  MBth«iiwtiot 

Micinti  Juriiprudenoe  and  Com' 

Ann1^ti--nl  Prppamtion   . 

Analytical  ChomiaU7 

ApiJitKl  MathmnuticH  . 

Mbtng  Mncliijiory 

Omwnl  SurvBj-iiift    nnd    Prnetko] 

OtJometij 
Art  of  Mining       .         .         . 
Su/reying     ,         .         .         . 
DrawinK.  in  thre«  dmuoni 
jVTchit4ctiin> 
Afoftying  of  M«IaIs 
Fr«nrll  I.Bngiiago 


I  PraA«or  Nnunuuin,  JnnW. 
ProfiEMor  Lehmncii. 


Surtntjor  LMchner. 

I   MrHftutUur. 

Mr  Klonun. 
Mr  Munde. 


The  inBtitiition  is  placed  undor  the  immediate  control 
tlie  upper  board  of  minca  {Oherbergamf) ;  the  Ppofessord, 
nlthou^li  forming  no  regular  eenut(>,  meet  on  occasion  in 
conference,  whore  the  members  of  the  above  board  also 
sometimes  take  a  part.  The  enperint«ndcncD  of  the  disci* 
plinc  in  intnmied  specially  to  one  Professor. 

Candidates    for  admission   must   produce   cci-tificatcs  ofi 
healthy  constitution,  good  character,  nnd  tolerable  proficioncyf 
in  the  usual  aubjeets  of  school  education,  and  in  matl>ematic)i'  ^ 
'I'bi^  testimonials  are  presented  between  January  and  June  ',* 
and  the  Oberbergamt  decides  upon  the  eandidatea  who  may ' 
present  themBelves  for  the  examination,  which  takes  place 
in  August.     Those  who  are  supported  by  tJie  government 
have  the  advantage  of  attending  the  lectures  gi-atuitousty, 
and  receive   certain   alipendia   or    schnlarsbips :    they   are  fl 
divided  into  two  classes;    the  first,  called  the  Hfttrjiciafev,^ 
pass  through  a  course  of  four  ycnars,  and  become  cundidatcK 
for  the  royal  service  :    the  other  is  composed  of  those  who 
enter  for  places  not  requiring  more  than  one  or  two  years 
of  study,  or  who  ai-e  unable  to  enter  as  regular  pupils  in 
consequence   of  a  want  of  vacaneien  in  the  corps.      Indc> 
pcndently  of  these,    ore    Saxons,    who    pay    tlieir  o*vn    ex- 
penses;  and  foreiguei-s.      Some  of  the  academists  Bn ally  go 
to  the  University  of  LeipKig  to  study  jurisprudence,  which  is 
ncoesBar\'  for  those  who  are  to  be  otficors  in  the  Tarious 
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ling  towns  of  Saxony.  Another  part,  who  have  dtetin- 
gui^ied  theinsclvi'S  for  iiitelligonce  and  industry,  nre  ncnt  to 
travel  at  the  oxponse  of  the  govcmmcnt,  or  to  visit  foreign 
univei^itieM. 

SaxoQR,  in  gooi]  ciri-u in  stances,  and  foreigners,  can  attend 
the  acadoQiy  on  production  of  certificates  of  good  character, 
and  of  their  slay  heing  duly  authorised.  They  are  expt-cted, 
Jiowever,  to  pay  for  the  courses  of  lectures  ae  follows : — 


^K3«ni 
Ceo' 


«ral  Cbcmiitiy.  Analj^rail  Cbemistiy, 
Mineralogy,  the  Higher  Mathematics, 
and  MiLchiuery,  eaeh 
Ceolugv.  Pliysiia,  Applied  Mathematics. 
P(ire  Matheinalios.  MetaUurgy.  Tech- 
nical Chemistry,  Ajiitiilecture 

of  Mining  (tvo  parts),  Elementary 
Minuralogy,  Mining  Jurisjjrudence  anil 
CorrcspuiKlutioe,   Tbuoretical  Surveying 
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Practical  Sur*eyiDg.  A^aying,  and  Drawing,  acrarding  to  riruumatonceB. 

^Hriio  titndenis  of  this  class  are  entirely  free  fi'oni  the  super- 
intendpnee  uf  the  officers  of  the  academy,  nnd  only  attend 
the  examinations  jf  they  require  certificates  :  their  number  is 
usually  about  twenty,  of  whom  three  or  four  arc  officers  of 
the  Russian  Mining  Kngineers,  sent  by  their  government  to 
rttttji  the  advantages  of  extended  experience  ;  whilst  others 
are  from  Spain,  Brazil,  the  smaller  German  States,  Ac. 

The  course  of  lectures  opens  on  the  first  Monday  in 
October,  and  ends  the  last  Saturday  in  July ;  the  two  vaca- 
tion niniiths.  August  and  September,  being  very  useful,  as 
giving  the  opportunity  of  making  excursions  with  a  view  to 
mining  and  metallurgical  observation. 

The  subjects  are  taiight  as  in  our  own  Universities,  by 
lectures  illustrated  by  figures  on  the  black  board,  by  experi- 
ments, and  by  the  inspection  wf  specimens,  according  to  the 
nature  of  the  case.  One  day  in  the  week  (Monday)  'u.  left 
without  lectures,  to  enable  the  students  to  visit  the  works,  or 
part  in  the  operations. 
file  ordinary  pupila  are  expected  to  keep  a  fair  copy  of 


914 


W.  W.  SuiyUi.  Esq..  t,n  ihe 


th«fr  notes,  nnd  are  examined  »t  lean  every  niontJi  an  well 
Rt  the  cIo«e  uf  the  aniitutl  wmrMi?  »!'  It^-turev.  luid  iiro  cImcI- 
fied  ftnd  rewarded  aceoHln^  t«  tlic  rcanU. 

On  Uie  <-x(iir»tion  of  \hv  second  year,  the  Htadent  deU4^ 
niineft  ivhethvr  he  will  attacli  liimRelf  more  particularly  tn  the 
minitijT  or  the  metallur^cal  departroenu ;  and  then  purouea 
a  couric  of  study  more  vspocially  adapted  to  bin  end.  In  the 
fourth  year,  giravtical  vmrcitM!ii  in  both  brancl)««  form  ih^^ 
uain  fpntnre  of  the  coiinte  of  education.  ^^^| 

The  Aendimtc  or  Mininy  School,  itii  eatMhlishnit^nt  adiB^^ 
dinatc  to  i\\v  Mmve,  iei  intended  partly  to  educate  youths  i>f 
a  lower  clans  for  thesituatJonB  of  nnder-managers  and  Wowerv. 
— partly  as  a  preparatory  step  to  the  Academy.  The  nunil'ir 
of  scholars  m  rcHtricted  tv  40,  and  thuy  are  iitatnicted  in 
arithmetic,  geometry,  the  art  of  miniaji',  elementary  mine- 
ralogy, German  gramraar,  and  drawing,  t)to  whole  oourte 
being  nrrnnged  with  a  view  to  tiic  combination  of  p] 
witli  a  corroet  knowledge  of  princtploa. 

A  handaome  buJMtnj^,  In  the  centre  of  the  town,  tuui 
erected  for  the  use  of  the  academy ;    it  eontaina   several 
Icctnre-rooms.  an  excellent  library,  to  which  tJ>o  students  aft 
liberally   admitted ;    a  room   Hppropriated   to  mininnf  an 
mechanical  models,  and  cxIenHtve  and  well-arranged  coll 
tions  of  miiiemlo^cal  and  geological  spceimena. 

The  advantageft  which  Freiberg  possrsHcs  for  |>mctical  to- 
utruction  are  perhaps  not  surpu«:tod  by  any  mining  town  in 
the  world,  seated  as   it  is  upon  the  metalliferotiB  gneisi. 
pierced  by  dykes  of  porphyry,  it  is  within  a  walk  of  nn  extra- 
ordinary variety  of  geological   formnlions.      On   the  north- 
west we  part«  over  Uic  mica-slate,  faniouH  for  tlie  remarkable     i 
mines  of  KrannRdorf,  siieeeoded  by  elay-»lates  and  conglonHlfl 
rates  of  the  so-ealled  transition  class,  and  by  the  singulai^ 
coal-field  of  Hjiynichen.      Farther  west,  wc  may  visit  the 
coal  and  rich  iron  ores  of  Zwikkau.     Od  the  south  we 
the  wild  crest  of  tJie  Epzjp^birge  or  Ore -mountains,  where 
situated  the  eurious  tin  mines  of  Altenben;  und  Ztnnwald; 
whilst  on  the  east,  we  may  roam  through   the  loTely  valley 
of  Tharandt,  and  investifirate  the  relatiuns  of  tlie  coal  mo, 
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iiUKft,  the  now  red  sandatone,  th<>  Kr^en  snnd,  uul  chalk  iuai-1. 
witli  Uiw  tntriiKirc-  dihj»»(?8  of  iioq)hyi7  ami  syenite. 

The  metal)  ifcrouA  vcinKii-xhibitiiig  v«i'y  ilistinct  chariict»i-», 
may  be  ehwsed  in  soTcral  groii{i)*,  and  pi-eaeiit  evory  spuuiea 
of  relatioR  one  to  the  other:  whilst  in  a  i-irclo  rouiii)  the 
towo,  with  a  radiua  of  nhout  three  miles,  they  |pvc  occafiioti 
to  ihv  working  of  nearly  100  mint^M,  where  abuut  200  shaft*, 
71,<KI0  fiilJioms  of  adit  or  wal*r  gnilei-y,  and  about  360,000 
fathume  uf  level  or  gallery,  exhibit  every  itpecies  of  timbering 
ami  masuury  as  uned  iii  mining.  In  the  nfi^ibouring  valley 
of  ihv  Mulde,  the  nrex  are  daily  roasted  and  smelted  in 
twenty  or  thirty  furnaces  of  vai-ious  construction,  and  tliu 
beautiful  process  of  amalgamation  Is  alwaya  to  b«  Been  in 
action. 

The  Academy  of  Sohemnitz  was  founded  during  the  reign 
of  the  KmprGHa  Maria  Theresa,  iibont  the  year  1760.  fop  the 
purpose  of  educating  ofhoei-s  to  superintend  the  mining  and 
anielting  works  throughout  the  whole  of  the  Austrian  domi- 
nions. The  extent  of  thu  provinces  composing  the  monarchy, 
and  the  low  state  of  education  in  the  more  distant  portions, 
made  it  very  neoessary  to  place  under  the  direction  of  well- 
instructed  men  the  management  of  departments  so  various 
an  nivtalliftn-ous  mineM,  salt  works,  collieries,  iron  works, 
smtdtiDgfuruaccsuud  forests,  till  of  wliich  arc  jn  some  places 
in  tlic  hands  of  the  Crown.  The  number  of  students  has  of 
lat«  years  considerably  increased,  and  comprises  not  only 
those  who  seek  for  govermiient  employment,  but  also  many 
wbo  are  sent  by  individuals,  or  by  mining  companies,  to  pass 
through  the  whole  routine  of  study,  or  to  a^'tend  only  some 
particular  courses,  according  to  the  nature  of  the  operations 
wliich  it  is  intended  they  should  conduct. 
^K  Independently  of  political  motives,  which  influenced  the 
^^Uoice,  Schcninitz  offers  gix-at  adv.-intages  for  the  sito  of  a 
^Hnioing  college.  The  mines  adjacent  to  the  town  and  distri- 
^tmted  through  the  surrounding  district,  proihice.  in  large 
qitontity  oros  of  gold,  silver,  coppur.  lead,  antimony,  and  iron, 
au<l  iiunicrouD  snielting  works  are  supplied  with  fuel  by  the 
thielt   fortiitM  of  oak.  pine,  and  beoch  whirfi  clotJie  the  hilla. 
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A  fn^at  Amount  uf  muchinvry  ik  »et  in  tnutioii  by  water  cwt- 
tully  coIIocUmI  into  rvsenoirs.  nnd  iipplisd  cithor  to  raivi 
w»t«r  nni]  tnnt<-i'iitl  fmiii  th<-  Hhiifts,  or  to  cfTuct  tbi^  dM-^aing 
of  the  ort-H  :  whilnl  Un;  tlvv\i  wiklor-gulU'rivit,  or  tuliU,  OArri«d 
for  miles  under  a  lofty  mountain  rid^.  stand  pre-eminent  far 
boMnt'SK  of  |>raj(.-ct  and  fikill  in  execution. 

The  inatiUition  tiun  been  endowed  with  grvat  liberality  ;  far 
not  only  iirtt  the  ]>rofvMiurM  puid  by  tJie  ^vcmmcnt,  but  BWi 
11  Hum  in)  yearly  grunted  for  the  expenses  of  the  well-ordered 
Inborntory,  nnd  for  other  exitvrimentiJ  (iiirj><)«e8,  tliat  tii- 
students  obtuin  f^mtnitouDly  nn  vxvellent  education.  To 
obtain  itilmiitKion,  Hubjects  uf  the  Emperor  muxt  be  able  tii 
produce  certificatvH  of  having  paaaed  good  exuminatione  at 
their  schools,  and  also  a  recommendatjon  from  one  of  ttw 
iloJrOlhe  or  Aniie  councillors;  whilst  tlie  same  advantases 
are  open  to  foreigneris  provided  witli  a  suitAldi;  intrcHluction 
tliruugli  tlic  iinibiiHsudor,  or  it'iinv  known  perHou  in  tbeir  own 
government, 

The  system  of  educntion  must  bn  followed  out  er|ually  by 
all  during  the  first  yeai-,  after  which  a  curtain  number  wbo 
are  allo^'od  to  portsi  nitid^  to  the  For»lwe»cn,  or  forest  de- 
partment, are  freed  from  a  great  portion  of  tiio  afl^tr  studies, 
whilst  it  is  left  to  the  choice  of  the  rest  to  pursue  Tolun* 
tarily  that  branch  in  addition  to  the  regular  routine. 

The  subjects  are  divided  as  follows  :— 

Firat  Ymt. 

j  E  lemautarjr  Mittbi>rD(itic«,  I'unsisting  of  GMiniOtiv  uid' 
iKt  tulf  J       Aigobra,  Piano  and  Spherical  TrigonomutTy,  Conic  i 
'  J       Sections. 
I  CTan-JrBwiiig. 

j  Natural  PiiiloHO(ihy  (Pkiitit)  aiid  Mwhanii!*, 
3d  half.  1  I>es(n'i)itivc  Geometry  nnd  Stereomatrlc  Drutrinut 
I  Crjitallogruplij'. 

Second  VoBj. 

«j  u  ic    I  Met»Uurgy  (flHHmtwnrfd) 
sa  halt.  (  oej^orj-. 


Foresters'  coiiive  ia  botany,  pi-actleal  gi^nmetry,  &e. 
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Ittrd  Ymr. 

ISiitwToneaii  Surveying  (Itarlctchnidekuna). 
Mttcliinery  and  Drawing. 
Di^ublc-  Book-keeping. 
Ilotonioal  Abstract  (on  timber,  &c). 
{Art  of  Mining  {llcrybauhiad*). 
Dreesiag  of '  Ore*  (Aa/bfratn'tg). 
Anhitecture,  or  Gcii«iTal  Building. 

Tilt*   Fore.iters   are  exercised  in    valuing  standing   tim- 
ber, &C. 

Fourth  YcM. 
p       ,    I  I  Rurvo/jng.  oommon  and  lubtommcaD,  'I  inontlu. 


I   XininB  .  .  ,  . 

c«™,  Dresiincam*  wailiinji  of  Orw 

Ifrvienffuna)       t,      ,.-       n. 

^      \  »inollln({-llirniic«s. 


louring  the  third  year,  the  young  men  are  required  on  oup 
day  in  every  week  to  go  through  a  portion  of  sonie  mine,  to 
exaniine  minutely  every  particular,  and  to  hand  in  a  written 
report  upon  it  to  their  professor.  A  few  of  them  even  take 
a  piece  of  work  on  harguin.  which  ae!«iats  to  pay  their  ox- 
penses,  whilst  it  gives  thc-m  a  practical  acquaintaiico  with 
sinking  and  drtvint». 

The  half-yciirly  i.'saniinatioiiB  aro  condnctcd  (notwith- 
Htanding  that  which  some  travellerB  may  have  stated  to  the 
contrary)  with  f^rcat  strictness,  and  quite  openly ;  and  ac- 
cording to  their  ri-sult,  the  students  arc  divided  into  thasie 
who  giun  preference  (^f^oriuff),  firat  class  and  secoud  chkBS ; 
those  who  have  the  misfortune  of  being  placed  in  the  Utter 
(tiH  sttrier  Kriiynn)  being  obliged  to  undergo  a  second  trial. 
The  Obertlkamnwrgra/,  or  supreme  count  of  all  tlie  works  in 
the  district  of  l-owev  Huuifury.  also  directs  the  academy, 
and  in  conjmiction  with  the  pruCctaors  assists  ou  these  occa- 
sion- The  qucstiona  are  written  on  small  slips  of  paper, 
and  two  or  three  of  them  are  taken  up  at  hazard  by  each  in 
turn  as  he  is  called  upon  in  alphabetical  order,  and  are  an- 
awered  vivA  voce.  The  most  Kuccessful  candidatee  receive 
as  a  reward  a  specic'i  of  ■■xhibition-  sufficient  tn  Jofniy  a  great 
portion  of  their  expcuses.  whilst  those  who  have  been  more 
than  twiee  returned  io  the  necoud  class,  must  relinquish  all 
claim  to  government  employ. 
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Count  Kj-*T 
Dr  nuhmuui. 
Mr  PnOto, 

Bcrxrath  FiiUttiuuttel. 
Ikfr  LaD(t«n.T. 
SuTCfor  SIkncljRS. 
Borgruh  Kcuth. 
Mr  Adrionjr. 
Air  Udaig. 


In  1843  tltv  niini1>i;r  of  attuleabi  wm  between  llu««  ul 
four  hundred,  and  the  Pr»feaiiorB  i-~ 

Phj-fioi  and  Mathcnulk*    . 
ChiMiiutiT-  and  MotmllBTgir 
Mineralogj  ud  OwAogj    . 
Iliitati^r,  anil  Mnimgcinent  of  Porott* 
Art  of  Milling 
Subtemnetui  Sunvyiog 
Book-liMpIng 

Maohinof7        .... 
BuiUingond  PlnD-drawini;  , 

When  the  practical  course  htM  bevn  brought  to  n  conch- 
l«ion,  th<>  {iiiHMed  MtudcnUt  ore  ili-mixhtiil  off  to  different 
])lace8.  and  into  the  vanoua  branolioit,  lo  nerve  for  four,  m., 
or  oven  more  years  of  probation  U|>on  a  amaXX  pay,  as  /'rai- 
tiki>nt«,  alter  wliich,  lis  vacuncic*  occur,  they  reaeive  the  •!►■ 
poiiitinentK  for  which  they  havi"  buen  preparing. 

The  lectures  are  dvUvcred  in  tivrmiiii,  the  Innj^sg^  of  tli« 
majority  of  the  hearers,  who  uoiiie  from  Austria,  Carinthia, 
Styria,  TjTol,  aud  Bohemia.  A  tolerable  librarj'  of  woA* 
on  technical  subjects  is  open  on  appointed  days,  and  bnoki 
may  bo  borrowed  on  certain  conditions.  Tbo  usual  expeo- 
ditur«  of  Uio  students  is  but  small,  varying  from  L.20  to  L.00 
a-ytyir;  the  midcrgi-ound  mining  suit  ie  their  usual  dreM, 
though  ft  neat  uniform  ia  worn  ou  great  oowsiontt ;  a  r»- 
marltable  degree  of  harmony  and  pootl  fooling  prevaili 
amongst  theni,  aud  the  duels  so  common  in  German  univif^ 
sities  are  hei-e  unknown. 

In  looking  at  the  system  puraueii  at  tlie  above  inntituUc 
we  tind  at  both  of  tliem  a  prominent  defect,  tending  to  im; 
the  uBcfulnees  of  the  clasa  of  men  which  they  produoc.  vii^ 
that  the  time  is  so  short  in  which  the  scholars  ai-e  expoet 
^to  pay  attention  to  such  a  maltitude  of  subjects,  tliat  it 
ini|io»i(iblo  they  can  uc<|uire  nil  of  tbem  soundly  and  pre 
..tically  ;  mid  althuur;])  an  excellent  foundation  tnny  have  I 
laid,  it  must  be  left  ciilirely  to  afti'r  years  to  rvar  up 
snpersti-ucture,  wlien,  amid  Uie  pivasuri:  gf  buwinoss. 
other  cares  and  pursuits,  there  is  only  a  »mnll  ponvutagcof 
men  who  fuel  itn  •ncliiiiition  to  return  to  u  syatent  of  study. 
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Whe  mode  of  partinUj  obviating  this  evil,  would  bv  to  sepa- 
rate mora  decidedly  the  depaiiments  of  tlie  minu  and  the 
Bmoltin^-fnm»c« :  for  »ltbougiL  a  purtion  of  tho  earlier 
tittidivK  is  nfrcessiirr  iis  a  preparatory  coMrse  for  both,  moHt 
of  what  fullotva  oaitnot  bo  obtained  but  at  a  great  expend !• 
tur«  of  time  and  labour ;  and  in  tb«  ordinary  routine  it  i»  an 
foreign  to  the  buHineHB  of  the  [netallui'fi:i9t  to  conntruct  tho 
timberbg  of  a  nhaft,  a»  to  that  of  a  miner  to  build  a  blaat- 
furaace.  There  are  eomc  endcs,  it  is  true,  where  works  ore  to 
be  conducted  in  nn  uncivilized  country,  wlien  siiicli  nn  ex- 
tended knowledge  ntu«t  he  bighly  desirable  ;  but  for  (Iicse  a 
fuller  course  of  preparation  is  clearly  necessary. 

To  Freiberg  this  remark  is  not  so  applicable  as  to  Scbem- 
nitK.  aince  in  the  former  the  two  clasf^ee  are  kept  more  distinct : 
and  it  is  probably  to  thia  source  that  we  may  tnice  the  im- 
provement*,— more  particularly  in  metallurgy,  which  emanate 
from  the  Saxon  Academy.  In  Austria  it  has  been  too  com- 
mon to  puss  men  from  oue  department  to  the  other,  an  if  skill 
in  the  one  point  must  necessarily  indicate  a  good  acqiiaint- 
anoe  with  another :  upon  the  same  principle  which,  ere  now, 
has  elevated  a  good  oarsman  on  the  Clolden  Horn  from  his 
hnmblv  eat/eek  to  the  command  of  an  army.  On  the  other 
band,  I  eaonot  but  bear  witness  that  the  pnpils  of  the  Hun. 
gnrian  Acailemy,  when  full  scope  is  given  to  tlieni  in  the 
depai-tment  which  they  have  chiefly  pursued,  yield  to  none  in 
the  science  and  prnetlcal  skill  which  they  bring  to  bear  on 
their  object,  aa  erimed  particularly  in  some  of  their  silver 
ftmiaceti,  in  the  wnter-jiressure  engines  of  Mr  Adriany,  and 
(he  impmved  dres^fing  works  lately  erected  on  a  large  scaIo 
by  Mr  Ritteugen,  under  the  direction  of  tlie  Ober»tkammer- 
graf  von  Svaieeer. 

Thi?  nature  of  the  metalliferous  deposits  in  the  two  mining 
dintrietB  is  so  different,  tliat  it  becomes  difficult  tii  inntltutc  a 
comparison  between  operations  carried  on  necessarily  in  a 
very  different  manner  to  suit  the  character  of  the  ground; 
aiid  only  so  much  is  certain,  that  the  system  of  each  phice 
is  Itiat  beat  calculated  to  work  to  advantage  its  own  lude« 
iiiidor  their  peculiar  circumstances.     At  Freiberg  we  have  a 
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■lightly  iinduUted  BUi-fice,  hanl   •^oeisa  rock,  and   mineral  W 
veins  ftviD  two  to  nix  IH't  in  wiillli ;  to  tliikt  in  tbc  mo&e  of 
working,  l)i<>   small  nece».<iit,v  for  timber,  and,  in  fact,  in 
everylhiDK  but  the  ratMitiff  uf  wutor  luii)  of  "  ntuff,"  w«  find     , 
there  a  perfect  prototype  of  our  own   Cornish   mine«.    A»    ' 
Schunmitz,  uo  the  contrury,  tlio  surfncv  \*  i-ou;;hlydivorstlied 
with  hill  nnd  dulv.  whiUt  jfiffuiittc  lodes,  of  litty  to  two  biiti> 
drc<l   fei?t  wide,  Kumotinies   forming  with   the  devompoiied 
fvUpur  u  niAitKof  yiuldiogcluy,  course  along  a  ridge  of  green- 
Htone  pwr|ihyry,  often  softened  by  deoompuaitiou,  and  pretient 
ditficultiea  to  the  miner  which  those  alone  can  appreciate  who 

I  have  seen  the  driving  of  tunoelB.  or  even  small  galleries.  I 
through  Buch  material.  Shafts  can  rarely  be  sunk  in  iJie 
lodcB,  but  are  put  down  verljcally  on  the  honing  side  ;  tha  J 
common  method  of  working  out  the  contcut«  cannot,  froafl 
the  great  width,  be  adhered  to.  wbiht  tJie  crushing  itoftncii*'^ 
of  the  tilling  substance  demands  unusual  i-esources  in  walHa; 

'waiA  timbering. 

Yet  the  scientific  t-baracter  of  tJie  Austrian  miner  haa  sunk 
below  its  former  position,  and  bolow  that  which  it  ooght  fi'tim 
the  above-named  educational  advantages  to  attain  ;  and  the 
oau8(!,  invisible  to  most  on  the  spot,  is  evident  to  those  wliu 
havt!  I'saniiiii'd  workx  of  a  siniihir  imturc  in  other  countric*.     i 
A  grave  error  has  been  committed  in  omitting  the  pursuit O^S 
science  for  that  of  jinutical  iirt  alono,  and  tbe  consequent^ 
exclusion  of  the  knowledge  of  iwlvjiiimjit  niwle  in  other  dis 
trictx  has  led  to  tlieir  owu  state  of  backwurdno&s.     % 
varied  circumst.aiiceH  of  mineral  deposit  and  other  goologi< 
fenturea  occurring  throughout  the  empire  remain  undescribedt' 
and  unreduced  to  their  proper  bearing,  and  the  ScbemniU 
student  gem-rally  pus^^e^  to  hiit  distant  charge,  prepared  only 
to  conduct  the  works  uf  the  particular  district  around  hie 
academy,  and  expecting  to  see  in  other  places  a  reciirronco 
of  the  same  (ihcnomima.     The  very  object  of  such  an  insti- 
tution, to  fit  tilt  miner  by  a  general   review  of  phenomena 
observed,  and  processes  used,  in  various  localitien,  to  adopt 
Mliat  is  most  suitable  to  tlie  particular  locality   in  which  hv 
wiU  be  engaged, — is  lost  sight  of,  and  be  in  kit  » ith  the  mm^ 
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sidoil  knaw1i>dg«  and  attendant  prejudices  w-hioh  in  Ulnated 
milling  cuuntrieK  )iav«  ever  obstructed  the  wav  tu  iiuprove- 

OKDt. 

The  little  regnrd  that  has  been  pnid  to  the  advance  of  an 
h)i|>ortunt  branch  is  evinced  by  the  fact  that,  in  1841,  tlie 
th«n  Pi-ofessor  of  Geology  delivered,  a«  1ectiirc«  to  tlic  stii- 
<l«ntK,  the  imnltfi-ril  notes  he  had  nimle,  nearly  hitlfn century 
Igu,  fnjm  the  instructions  of  Werner  !  and  that  1  have 
heard  ^ome  of  the  fiist of  hia  pupils  revive  the  ancient  dreaniK 
of  the  "  plastic  virtue'"  of  nature  in  regard  to  fossils,  and 
iloabt  the  existence  of  a  regular  order  of  stratilied  depo- 
ut«.  because  tbey  had  seen  nothing  of  the  kind  imtnediately 
around  thcnt.* 

The  course  of  mining  education  (ails,  therefore,  in  one  of 
ita  most  important  features,  the  inculcation  of  the  general 
principles  and  the  practical  application  of  geology ;  and  it 
need  excite  no  8urpns<j  that  serious  blunders  should  often 
|be  committed,  eveu  in  a  ('ouiitrv  where  such  errors  might  be 
[checked  by  the  existence  of  an  institution  like  the  above,  and, 
•«  too  frequently  happens  nearer  home,  that  coal  should  bo ' 
alwurdly  sought  in  a  non>carboniferoua  geological  formations, 
where  a  few  black  shales  attract  the  attention  of  tlie  ignorant 
iKpeculator. 

It  hiut  been  for  some  time  expected  that  a  complete  change 
will  be  made  in  tlie  SchemnitK  Academy,  and  some  are  of 
opinion  that  the  proposed  end  would  be  better  attained  if  the 
preparatory  studies  were  made  In  Vienna,  and  the  ohaerva- 
ition  and  practice  of  the  pi-ocesses  were  left  to  be  followed 
iont  in  the  mining  district.  There  can  be  no  doubt  that  both 
. science  and  art  must  languish,  if  secluded  from  the  general 
ladvanco  of  other  land*) ;  and  that  if  the  cultivation  of  the 
former  be  forwarded  in  the  stiiTing  tide  of  full  communi- 
catiou  with  the  world,  a  valuable  assistance  **  ill  be  conferred 
ion  those  branches  of  the  latter  which  are  confined  by  nature 
to  the  bleak  hill-side  or  remote  monntJiin  glen. 


*  fhc  individual  abuvi>  Hlluile<I  to  may  buve  insurlixl  Iiiinimie  in  tli«  Reoonl 
iT  Ui«  (^Iberg  AcBdemy.  Iwt  could  not  have  attondsJ  the  |joctiirf»  of  Werner. 


^^V. 
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Hi  maimer  w  irAiVA  Sticltkbackt  (C.^Wfl/rf  /«A«>  < 
fheir  A'e»t  aid  lake  cart  of  their  Egg'-     ^3  M.  COSTB. 

M.  Coat«  has  oollectcd  some  very  curiaus  fnctR  relatii^ 
the  instinct  of  sticklcbuckn,  whicb  slifcw  tliat  IIichc  fishes 
BUHceptible  of  mon-  variety  in  tlic-ir  acts  tfaun  ia  genei 
sujipoMoJ.      Wc  shftll  give  th«!   interetttiiig  commant 
«iitir(! : — 

"  I  haw  pinceij  in  tiie  College  of  France,  and  in  ct 
bn«in«  about  2  inetrca  in  tliameter  and  33  centJmetfM 
doptli,  where  I  brought  (ngether  all  the  conditions  which 
peared  to  me  material  to  the  success  of  my  oxperimcn 
groat  number  of  male  nnd  female  st)ck1cba<:Ls,  cauglit  at 
time  when  tliey  were  alwut  to  deposit  tiieir  eggs.  A 
days  ttftei-  they  were-  put  into  their  new  dwelling  1  iti 
certain  males  select  a  determinate  point  in  the  bottom  of  it* 
basin  an  their  permanent  abode,  and  display  a  remarktible 
degree  of  activity.  I  endeavoured  to  observe  what  could  \>t 
lite  object  of  all  these  manceuvres,  and  the  cause  uf  tlivir 
constant  return  to  the  same  place.  I  was  not  long  in  (li| 
covering  that  the  occupation  of  each  of  them  consiHtvO  in 
lecting  materials  for  a  construction  which  retjuir^d  all 
resources  of  their  industry;  and  by  following  with  unin 
ruptcd  attention  the  rapid  progress  of  their  laboriom*  ent<f- 
prisc.  I  witne8,'«ed  one  of  the  most  curious  spectacles  that 
could  be  contemplated. 

"  1  saw  each  of  the  males  that  was  engaged  in  this  work 
heap  up.  in  the  place  ht;  aeloctc-d,  piecen  of  grass  of  evwj 
kind,  which  he  often  brought  from  a.  great  distjince,  seixinj; 
them  with  his  mouth  ;  and  by  nioanK  uf  these  he  began  to 
foiTii  a  kind  of  carpet.  Hut  as  the  materials  wliicli  fonn  tlw 
first  part  of  his  edifice  mipht  be  can-ie'l  away  by  the  move- 
ments or  oscillation  of  the  water,  he  liad  the  precaution  to 
bring  some  .sand,  with  which  be  filled  his  mouth,  and  deposit 
it  on  the  nest  in  order  to  keep  it  in  its  place.  Then,  in  oi^ 
to  roaie  all  the  substances  thus  brounbt  together  adhere 
each  other,  he  pressed  his  belly  against  them,  sliding  slo' 
as  if  by  a  kind  of  vibi-atory  creeping,  and  in  this  way  gl 
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Bm  togetJier  bv  means  of  the  mucuo  wbicli  cxuden  lit)in  his 
in.  Df  means  of  thU  operation  the  tirst  collected  ma- 
:4niLlB  fomi  A  kind  of  ibundatton  or  solid  flooi'  on  whit^i  the 
PMt  of  tlic  o<lifi€«  iH  to  be  reared  :  tlie  osi-aition  of  this  he 
Cottinues  with  a  foveni«h  {icrseverauov  and  agitation.  In 
iB^er  (o  sutisfy  himself  t.Iiat  all  the-  pai-ts  an-  suHiciently 
VDit«>d,  he  agitates  liis  pectoral  fins  with  ]y;reat  rapidity,  in 
in  Knelt  a  manner  as  to  produce  currents  directed  against  the 
nest,  and  if  he  notice  tliat  the  pioccs  of  grass  aiv  uiovod,  he 
preuoti  them  down  nith  his  unont.  heaps  sand  upon  titein, 
fliittvun  them,  and  glutei  thciii  together  agB>in. 

"  >Vlien  the  proce^  has  reached  tliis  point  he  chooses  more 
solid  materiaU.  We  then  see  him  »eiee  iLmal)  pieces  of  wood. 
Ronietinkea  straws,  which  he  takes  up  with  his  moutJi.  and 
presses  them  into  the  thickness,  or  places  them  on  t)ie  snr- 
Faoe  of  the  first  conati-uction.  If  he  finds,  when  attempting 
to  introduce  thcni,  that  the  ]>osition  he  has  given  them  does 
not  Kufficientl/  aiiKWcr  his  purpone-,  he  draws  them  out  a^tn, 
H'^es  ttiem  at  another  pai-t,  again  inHertii  them,  pushes  them 
forwanls,  until  he  judge  that  L<.- bus  made  the  best  po««ib)e 
OBO  of  tliuRi.  Oceastonally,  howL'ver,  in  spite  of  all  his  car^, 
therw  are  parts  wliich,  owing  to  their  shape,  hf  cannot  get  to 
enter  into  the  general  plan  of  tiie  edifice.  These  he  draws 
out,  carries  to  a  distance  from  his  nest  and  abandons ;  then 
proceeds  to  select  others  to  supply  their  place.  In  this 
manner  he  finishes  by  liollowing  out  a  solid  bed, the  diflferent 
oompwuent  pat-t«  of  which  he  ha«i  always  die  precaution  to 
solder  together  by  means  of  the  viscous  matter  which  serves 
I  M  glue. 

I       "  When  he  baa  succeeded  in  eonatructing  in  this  way  the 
.   (loop  and  side-walla  of  his  edifice,  he  then  undei-takes  the  mot- 
,   ing ;  and  for  this  purjiose  he  continues  to  carry  materiala 
similar  to  those  used  in  laying  the  foundations.    Itut  while  pnr- 
L   suing  the  completion  of  hia  enterprise  with  the  most  laborious 
'   activity,  be  doea  not  neglect  to  secure  at  the  aame  time  its  con- 
solidation, and,  with  that  view,  he  continually  repeats  the 
fatiguing  raanceuvre  of  the  vibratoiy  oi-oepins.  by  mesna  of 
I   which,   as   has   been   hinted,  he   agglutinates   the   various 
I  materiaU  composing  his  nest.      Uut  in  proportion  as  he 
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exerta  himself  t<i  coniwUdaU!  hin  stnicture,  it  is  nece«MU7 
tJiat  he  aliouli]  lu-rtmgi'  it  ftui(a(>ly  for  the  purpoftes  fop  w!ikh 
it  i«  inUiiiilt-'l.  Accondingljr  he  oevei-  fails  to  res«rviM* 
optitiinp:  vorj-  iteally  ftnd  reguhirly  cirtiuiiisicribeil.  into  whkA 
ho  ofUiii  thrnsU  hiti  hcMl  nnd  «viiii  a  large  part  of  bis  bodjr, 
in  Drder  to  praBH  out  tlie  walls  and  keep  the  interior  (avitj 
Huflicieiitly  dilated  that  the  female  may  have  aiillicient  room 
tw  la)'  her  eggs  in  it :  of  these  egcs  he  afterwards  l>e«oiMf 
tlu-  ooura^eous  and  indefatigable  defender. 

When  the  <:unMli'uctiim  of  the  next  i«  KufKcicntly  odtiuicH 
to  receive  the  ora,  the  male  darta  forth,  in  a  state  of  agita- 
tion, into  the  middle  of  a  group  of  females,  in  order  to  attrikct 
the  attention  of  one  about  to  deposit  her  spawn  and  to  offer 
her  an  u»yhmi  for  her  offspring;.      She  easily  distin^islica     ' 
the  i>rdiHttry  nuiltis ;  for  tlicy  wear  thi-  rich  livery  of  Iov«,  and 
are  adorneil   with  the  liveliest  uolour.      Accordingly  when    i 
she  sees  him  advance,  she  becomes  wig«r,  goes  up  to  him^l 
slidefl  along  lii:4  hacl(,  and,  by  n  scries  of  i-oi]uettish  move-" 
mouls,  and   iiuittuil   allurements,  uteenis  to  express  to  hint 
that  she  is  ready  to  follow  him.    Then  the  male,  ondei'stand* 
ing  tliis  niysterions  Inngimge.  hui*ries  towards  hia  nest,  as  if 
to  point  out  tiie  way,  tliruBts  his  head  into  the  gaping  aper- 
ture, eagerly  enlai-gt>.>  it  to  facilibvtc  her  entruniio.  tlien  girw 
place  to  the  female,  who.  by  entering,  seems  to  Eicccpt  hi: 
invitation,     She  eiiterg  within  it,  leaving  nothing  to  be  scvn' 
without  but  tile  extremity  of  lier  tail,  which  lies  across  tlii 
opening  by  which  she  entered-     She  remains  there  two  ofi 
tliree  minutes,  during  which  her  convuUivv  motions  indicate 
thu  efforts  she  is  making  to  extrude  her  eggs ;  then  she  darts 
out,  pale  and  discoloured,  after  having  pierced  through  tJii- 
nest,  so  that,  although   it  had  only  one  opening  before  the 
entrance  of  tlie  female,  it  has  two  after  slie  liaa  deposited 
her  ova.  ^^ 

While  she  13  engaged  in  this  operation,  the  mole,  whoB^^ 
changing  colours  and  animated  motions  express  his  increas- 
ing agitation,  appears  to  be  thrown  into  a  kind  of  paroxyamfl 
and  seemx  desirous  to  hasten  the  moments  when  he  may 
vntcr  in  his  tuni.     He  assists  the  female,  rubs  her  with  hia 
snout,  as  if  to  encourage  her,  and  when  she  has  accomplished 
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I  tii«  painfitl  operation  of  laying,  he  enters  \>y  the  same  open- 
I  ing  Ihnt  sKe  followed,  elides  over  the  ^gga  nitb  a  rapid 
motion,  and  issues  aljnost  immediately  in  order  to  repair  the 
difiordera  of  bis  buildiDg.  But  the  nest,  whose  construction 
has  cost  him  so  much  fatigue,  is  destined  to  receive  the  eggs 
not  of  a  aingle  laying  only  ;  it  can  contain  a  much  larger 
quantity.  He  therefore  brings  to  it,  at  different  times,  and 
for  several  days  together,  either  tjie  same  female  or  such 
others  as  consent  to  follow  bim.  In  generaP  be  fecundates 
tho  produce  of  each  of  these  soparntt^'ly  ;  and  at  last  his  nt'st 
becomes  sricb  magazine  in  which  the  ova  of  each  particular 
laying  are  agglomerated  in  distinct  masses,  and  all  these 
togother  form  a  considerable  mass, 

"  The  male  is  the  only  guardian  of  this  precions  deposit,  for 
not  only  do  the  females  take  no  cure  of  it,  but  they  become 
Mm  formidable  enemies,  forming  part  oftbose  numerous  coali- 
tions which  attempt  to  plunder  it.  and  satisfy  their  voracious 
appetite  by  devouring  the  ova.  It  therefore  becomes  a  %-ery 
difficult  task  for  him  at  once  to  defend  them  against  these 
famished  pirates  or  gourmands,  and  to  supply  thorn  for  a 
whole  month  with  all  the  conditions  favourable  to  their  ex- 
clusion. But  no  obstacle  can  divert  him  from  his  purpose, 
nor  daunt  his  courage.  He  first  begins  to  strengthen  his 
nest  by  coveruig  it  with  stones,  the  size  of  which  is  some- 
times equal  to  the  half  of  his  body,  and  which  we  would  not 
believi!  him  capable  of  transporting  if  we  did  not  see  htm  en- 
gaged in  the  task.  However  be  alw.iya  reserves  one  or  more 
openings,  which  he  enlarges  as  required,  and  through  which 
he  is  often  occupied  in  passing  currents  by  the  rapid  motion 
of  his  pectoral  fins.  The  use  of  these  currents  is  probably 
to  prevent  byssus  forming  on  the  eggs  and  preventing  their 
development,  for  these  eggs  all  perish  when  not  subjected 

this  salutary  influence. 
While  h«  is  occupied  in  inducing  tlie  females  to  Uy — is 
ng  care  of  the  eggs — in  strengthening  his  nest  against 
the  attacks  of  the  females — he  drives  away  all  the  sticlcle- 
backs  which  approach,  strikes  tltem  with  hie  snout,  threatens 
them  with  his  spines,  and  as  long  as  their  numbers  do  not 
rOL.  XLll.  NO.  LSSXtV.—APMIL  1^47.  T 
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•xc«ed  four  or  five  be  always  rocccods  ia  repelling  thnn  ly 
force.  Bat  there  are  times  when  the  eoomj  becomes  so 
formidable  that  all  resistance  is  uecIgss:  and  nlthouf^fa.in 
tbis  case,  be  is  not  able  to  defend  bimsclf,  ho  does  not  rc- 
nouDce  tbo  hope  of  getting  orcr  tbe  storm.  H«  has  recoiirw 
to  ttstrntjigcm;  IvaTesbisncstMithaiiiitiaiinully  violent  juri:- 
ing  morcment,  adopts  all  the  lures  of  a  tiMi  pursuing  its 
prey,  and  tJias  endeavours  to  effect  a  diversion.  Tbi.s  stra- 
I  tAgem  often  sncceods,  for  the  stickiebackti,  urged  Ijy  the  bope 
of  wrenting  bis  prey  from  him,  disperse  without  t.'oraplettag 
the  act  of  Hpoliation  they  meditated  against  tbe  eggs.  But  the 
artiBce  does  not  always  preserve  tbe  nest  from  plunder ;  I 
have  seen  individuals  obliged  to  attempt  it  five  or  sue  aae- 
cossive  times. 

"  When  he  succeeds,  by  his  nesidnous  care  and  coorageouf 
MfePseverantc,  in  preserving  bts  nest  till  near  the  time  of 
Pliatching,  bin  r.iia\  in  reduubk-il ;  be  t^ikcs  away  the  stones  U> 
give  more  easy  accesn  to  the  water,  makes  new  openbgs 
and  enlarges  the  old  ones,  multiplies  the  currents,  moves  tbe 
eggs,  brings  them  sometimes  to  the  surface,  at  other  limea 
carries  them  to  the  bottom,  thus  supplying  them,  by  varying 
their  position,  with  tbe  conditions  Mtited  to  this  period  of 
their  developmeut.  Finally,  wheu  tbe  eggs  arc  hatched,  k 
Btill  continues  to  watch  over  them  in  bis  ne»t,  and  does  not 
allow  tbem  to  go  at  liberty  till  they  have  become  sutTicientiT 
active  to  provide  the  means  for  their  own  preservation." 

In  the  sitting  of  the  Academy  on  tbe  let  of  June,  a  letter 
was  received  without  signature,  stating  that  the  Dictionary 
of  Valmont  de  Bomare  mentions  circumstances  analogous  to 
those  particularised  by  M.  Goste.  The  writer  of  tlits  letter 
ought  in  honesty  to  have  added,  that,  in  this  dictionary,  the 
only  fact  announced  Is,  that  the  stickleback  collects  herba- 
ceous substances  in  order  to  construct  a  nest  (?)  or  a  maga- 
zine of  provisions  {V),  which  it  defends  witli  vivacity  against 
all  tbe  attacks  niaile  by  other  sticklebacks ;  and  even  thi^ 
fact  is  referred  to  as  doubtful.  ^| 

M.  Duineril  bas  presented  to  the  Academy  of  Sciences 
(sitting  of  17th  Aug,  1846)  a  very  favourable  report  reepeot^ 
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ing  the  obften'atioiis  made  by  M.  Ooete,  and  states  that  the 
coininis8i<tD«['»  have  been  able  to  verify  their  peifoct  Wi- 
curacy." 


Fourteenth  Letter  on  Gladcrg.    Addressed  to  Fro/eisor  Jame- 
ton.     liy  Profe-taor  J.  D.  FoiiBliS.     With  a  Plate. 

On  ti*«  Variation  0/  the  Motion  at  different  Seaions. 

EDiKBVaas,  ISiA  Uanh  1647. 

My  Dear  StR, — I  am  led  to  request  you  to  reprint  in  the 
Edinburgh  Philosophical  Journal,  part  of  the  9th  section  of 
my  paper  on  the  ViacouB  Theory  of  Glacier  Motion  from 
the  Philosophical  Transactions  for  1846,  for  the  following 
reason  :■ — There  has  lately  appeared  in  tlic  BidliothiqHe  Utii' 
vertelle  de  tienive,  a  paper  by  M.  Collomb,  in  which  it  is 
maintained,  on  the  authority  of  the  experiments  of  M.Dollfusa 
on  the  glacier  of  the  Aar,  that  the  velocity  of  progress  of 
that  glacier  is  the  same  at  all  seasons  and  in  all  weathers  ; 
Mid  that  previous  ohscn'cra  who  arrived  at  different  conclu- 
sions on  that  glacier  were  in  error,  It  may  be  so.  The 
glacier  of  the  Aar  is,  as  I  have  elsewhere  shewn.f  in  very 
peculiar  conditions  of  mechanical  constraint ;  but  it  is  im- 
portant that  it  should  be  shewn  by  the  testimony  of  by  far 
the  completcst  series  of  observafions  which  has  yet  been 
published,  and  which  extends  over  the  entire  year,  that  thia 
independence  of  the  velocity  upon  external  cii-cumstancefi  is 
not  at  Icaat  the  general  rule. 

The  passage  in  M.  Collomb'M  paper,  to  which  I  have  al- 
luded) may  be  thus  translated : — "  It  i-esiilts  from  the  exa- 
mination of  the  registers  of  M.  Dollfiiss,  which  contain 
Beveral  thousand  observations,  that  the  glacier  of  the  lower 
Aar  movts  with  perfect  regularity  ; — no  sudden  starts  nor 
pauses ;  the  movement  of  any  particular  point  taken  on  the 
aurface  of  the  glacier,  whetljer  in  the  centre  or  at  the  edges. 


*  SupfUinoit  4  to  Bitlieih.  t^iv.  <l(  Oiniiit.     So.  8,  p.  VX7. 
t  NiuUi  Letter  Oa  gisciera,  Ed.    Fbil.  Jour.,  vol.  uxviil.,  p.  33S.      I  majr 
Kdd,  that  M.  MurtlQ*  giroa  >  similnr  nccguiit  of  llle  rcnuIU  of  Hr  DuUfuMS 

cxporiiUBDle  in  thn  Cotapui  Htadui,  £6lli  Ootolier  lS4d. 
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\B  very  slow,  nniform,  »nd  imlependent  of  atmospheric  in- 
flueoi.-«ft'  [He  goex  on  in  Aftv,  that,  aa  it  is  fast«at  in  tbe 
centr«  of  tho  glacier,  and  almoflt  nothing  at  the  c^lge].  Fine 
wontJicr  01-  nun,  dryneiui  of  the  air  or  humidity,  cold  or  heat, 
day  or  Di{;ht.  or  diiftircnt  ii«a!ionit,  hare  no  inilu^nDe  upon  the 
velocity  of  any  pnrticuinr  point  of  the  surface  of  the  glacier. 
"  The  obncrtcrs  of  previoua  yearH  believed,  on  the  oth«r 
hand,  tltat  the  ^ncral  march  of  ^^at  glaciers  nnw  in  inti- 
mate connection  with  the  accompanying  state  of  the  atmo- 
sphere. They  believed,  for  instance,  that  the  movement  ww 
retarded  in  dry  and  cold  weather,  and  accelerated  by  moit-  ' 
ture  and  rain.  The  observaliouB  of  M-  Dollfdes,  which  will. 
without  doubt,  be  publiHhed  one  day  in  detail,  have  proved 
the  contrary,  and  have  ^lown  that  a  j/lackr,  like  a  aentijiuid 
f>odi/,  urged  fy  a  tneehattical  force,  move*  on  without  being  in- 
JltteKtxd  tig  the  slate  of  the  aiurrouKdinff  mi-dium."* 

Now,  Sir,  the  InHt  paasH^.  the  itiilicii  of  tvliich  are  in  the  ' 
original,  conveys  to  us,  in  the  lir»l  place,  the  pleasing  infor- 
mation that  M.  CoHomb,  and  pi-obnbly  M.  DoUfuas  abo, 
have  accepted  the  viacona  theory  of  glacier  motion.  The 
■ward  *'  semifluid"  applied  to  a  glacier,  is  now,  notmthstand- 
ing  its  seeming  liarnhneHS,  an  adopted  word.  But  I  muM 
enter  an  earnest  protest  against  tlie  supposed  discovery  of 
Uic  uniformity  of  the  motion  and  its  entire  independence  of 
atmospheric  circumstances,  being  assumed  to  add  any  proba- 
bility to  the  viscous  theory,  as  the  phraseology  of  the  preced- 
ing extract  seems  to  infer.  On  the  contrary,  if  there  be  any 
[lacier  which  does  not  present  the  law  of  variable  velocity,  M 
Lwhich  I  established,  for  the  first  time,  on  the  Mer  de  Glace  * 
'(tf  Ohamouni  in  1842,  and  which  has  since  been  found  on  the 
glacier  of  Bossons,  on  the  glacier  of  Grindelwold,  and  was 
apposed  to  have  been  found  on  the  lower  glacier  of  the  Aw, 
1  a  glacier  aSbrds  a  proof  the  teta  iu  favour  of  viscouj 
ftcmifluid  theory. 


*  P£ib*0(AJyu(  Vmientttt.  •^•iWibn  15  nerr'nibrc  1946,  p.  SIS.  D0(«.     Tb* 
wg»  in  italic*  vlandj  tboi  in  thr  orlgiiul, — -  V»s^tiK  emnaiu  im  tarjit 
■h((  fHMUfi  far  tiH4  jarti  mitaHvft.  nion^  Ai  •nHmt  mm  m  lauMr  injlufnrn- 
r  SUM  dm  mlh4v  amkaiM." 
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It  til  on  this  neoount.  Sir,  that  I  desire  tbat  the  readers  of 
the  scientific  journals  may  be  made  fiiHy  iiware  of  the 
amount  of  the  evidence  by  which,  in  tomf^  glaciers  at  least, 
the  direct  connt't'tion  between  tlic  movements  of  the  ^Ineier 
and  the  conditions  of  tem[<eraturo  and  moiiiturG  have  been 
OHtAbliabed ;  and  it  is  for  this  object  that  I  cmvo  a  few  pages 
of  your  Journal,  for  an  oxtnict  from  a  more  elaborate  and 
leas  accessible  paper. 

Before  quitting  the  subject,  I  wish  to  add,  Uiat  I  concur 
with  M.  Collomb  in  desiring  the  full  publication  of  M.  Doll- 
fuss's  results  on  the  glacier  of  the  Aor,  which,  latterly  at 
least,  I  know  to  have  been  made  with  excellent  instruments, 
and  it  may  be  hoped  with  due  care.  Until  such  a  publica- 
tion takes  place,  we  must  be  permitted  to  withhold  our  linal 
assent  from  a  conclusion  ivliicti  is  in  contradiction  to  obser- 
vations on  at  least,  three  other  glaciers,  and  to  former  obser- 
ratJona  on  the  isame  one-  Should  it  prove  correct  iu  the 
partioulftr  case  of  the  glacier  of  the  Aar,  1  suspect  that  it 
can  only  arise  from  a  curious  balance  of  two  opposing  in- 
fluences occasioned  by  the  peculiar  circumstances  of  reatmint 
under  which  that  glacier  moves,  and  probably  may  apply  to 
only  a  very  limited  portion  of  its  surface. 

But  I  repeat,  we  must  wait  for  the  obaen-atioiis.  The 
public  cannot  but  receive  with  distrust,  reports  of  uonclu»ious 
drawn  fi-oni  unpublished  observations  so  repeatedly  contra- 
dicting one  another,  as  those  which  have  been  furnished  by 
observers  on  this  same  glacier  of  tlie  Aar.  Not  to  go  farther 
back,  witb'm/our  years  we  have  had/our  positive  statements 
of  fact  said  to  have  been  deduced  from  obsei-vatton,  three  of 
which  are  irreconcileable.  Fii-st,  we  were  told  that  the 
glacier  was  absolutely  ijuieacent  in  winter,  and  moved  on- 
wards during  the  Hummer  months  only.*  It  was  next  ad- 
mitted, that  in  winter  there  is  also  motion,  only  the  summer 


*  AgUBic  1342.——"  Ce  que  je  pot?  iionfjircer  posttiveinent  dflfi  a  pr^teDi, 
c'cM  qua  I*  glurier  eal  immobile  en  hiver."  Letter  to  M.  Arago,  dated  from 
the  gtkricr  or  iht  Aor,  CV>mj)K>  Rendm,  Sth  Au^ft  1S42-  roin|iare  Edin. 
rbil.  Jotirnnl  181^.  vol.  xxiiii.,  p.  353,  251. 
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motion  is  (frcaUy  in  otcesi*.'  Next  jow  (1844),  we  were  told 
that  the  variation  of  Telocit,v  is  not  confioed  to  summer  adiI 
winter,  btit  is  extended  to  every  variety  of  metoorologtoal 
coii<iition,  in  fiwt,  ia  loft  on  the  biuis  on  which  I  had  already 
placed  it  (ax  regarded  the  Mer  de  Glace  of  Chamouni),  two 
years  previously.  In  the  middle  of  sammer,  but  during  coU 
and  sDowy  weather,  which  lasted  nine  days,  the  vclucity  of 
the  glacier  of  Uie  Aar  fell  below  the  mean  velocity  of  the 
same  point  for  the  entire  year  ;  whilxt  during  tiie  succeeding 
tixteen  davK  of  tine  weather,  the  daily  average  iucreased  in 
amount  by  exactly  one-half,  and  rose  considerably  above  the 
annual  average.!  Now  (1846),  we  ore  desired  to  consider 
these  0[iiiii<inH  and  dcdui^Uons  to  be  ei-nmeous,  as  welt  as  the 
measured  distanceet  aitcertained  by  M.  Wild,  who  has  hitherto 
been  believed  to  be  a  competent  surveyor,  and  who  had 
found  the  advance  of  the  points  of  his  trinnt^ilutioo  on  the 
glacier  to  be  more  than  ONe-half  more  rapid  during  summer 
than  in  the  remainder  of  tlic  ycor-t  The  (^>intoo  of  MM. 
DollfuSH,  Martins,  and  Collomb,  is,  that  seasons  and  weather 
make  no  difference  whatever  on  the  motions  of  the  glacier  of 
tlio  Aar  I 


t  Ag***1>,  1843,^"  Le  mnUTtmNit  eat  beauconp  plus  utflM  en  Hi  f  n'sn 
hlvar."     BoUcttn  do  U  8oci^i4  del  SciencM  Ifalonlle  de  Keiifchlil«l,  Stb  H<n, 

T  Compia  Rendm.  9th  liw.  IIH4,  p.  1301.—"  L'uvannsment  (jnursiilitr] 
italt  loin  d'jnv  uolfonac,  11  varlolt  cannldfrablonient  niiv&nt  1m  ciMidilioiu 
atmoiph briquet.''    Compsro  >'iiitb  Letter,  In  thli  Journd. 

t  tttill.  di  la  Sor.  dt  NfifeU&ttl,  No.  I.  From  the  mult*  thsra  mentloii^d,  t 
giro  tho  compsratitc  motion  of  npvon  poind  or  the  gUder  daring  fifty.«e*<in 
dnyi  uf  suniiiiitr.  HTid  for  the  saida  leu^tb  of  tinte  taken  fVom  Hn  kTonM  of 
tht  nmnindor  of  tho  yanr. 


Olhcr  SotMni, 

VMt. 

Vnl. 

BO'S 

33-4 

H:B 

34-0 
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47-1 
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From  these  coDflictiog  naoUs,  it  \*  plain  tliat  Uiere  have 

bcon  luckless  aaMctwDS   mado,  and  aUo  obncrvAtiotiB  un- 

worth_v  of  wmftdenoe.     It  is  very  much  to  bu  dcatred  for  the 

crsdit  of  ill  tlio  parlies  who  have  had  a  ehare  in  the  cxpe- 

rimtttits  on  the  jflacior  of  the  Aar,  Uiat  the  sourco  of  thcsft 

discorditi)c«H  should  be  investigated.     I  remain,  my  dear  Sir, 

youn  very  ti'idy, 

James  D.  Fohbbs, 

to  PnAMor  Jjuib80)t. 

Obiervatioti  on  the  Mation  of  the  Qtadort  of  Chcanouni  at 
•iiferenl  teasK^ns. 

I  am  novf  eaabled  to  prcaoat  a  view  of  the  actual  progress  of  tw» 
riaciers  during  every  part  of  the  year  from  direct  observation.  For 
tMM  J  am  indobt«il  to  the  intelligent  and  persevering  xeal  of  my 
•xe«U«nt  guicL.^  aod  assistant  at  Cbamouni,  Auguete  Baluiut,  of 
whose  character  I  have  hod  the  pbasuro  of  forming  a  mora  and 
mora  favoiirablQ  esiiinate  the  longer  I  have  been  acquainted  with 
hitn.  To  tlio  long  triiining  of  the  laborious  summer  of  ISiS,  wlion 
hfi  aBsitted  tiic.  he  uAdt  thu  further  experience  derived  from  my  vjaits 
In  1643  and  1844,  m  the  latter  ef  whioh  cwpooiaUy  he  became  fami- 
liar with  the  nice  precautiunN  I'^quisito  in  cunductiiig  tlie  most  accu- 
rate nieasurenients,  and  received  instructions  from  me  which  ren- 
dered him  perfectly  competent  to  continue  by  himself  the  simpler 
kind  of  uic^urementa  which  I  have  alone  required  of  him.  Tho 
extraordinary  exertions  whiclj  he  used  to  obtain  the  winter  motion 
of  Uw  block  D  7,  undor  the  Monlanvert,  in  1842-43,  have  been 
noticed  in  my  former  publlcationK.  On  one  or  two  oocn«ion«,  as  I 
learned  afti.-rwards  from  himself,  being  unable  to  ascend  tlie  usual 
path  to  the  Montanvert  for  fear  of  spring  avat.inches,  he  actually 
oUmbcred  witli  »  companion  up  the  rugged  ascent  from  the  source 
of  the  Arveiroii,  plunging  continually  up  to  the  middle  in  anew,  for 
no  other  purpose  than  to  make  the  ohsermtion  which  1  had  req^uosted 
of  him :  and  it  would  be  unjust  not  to  mention  at  the  same  time  tho 
admirable,  because  rare,  goneroHty,  with  which  ho  positivuly  refused 
for  himself  any  ehare  of  the  remuneration  which  I  pressed  upon  him 
the  following  Eummor,  aa  some  recompense  for  the  tiil.igues  and  dan- 
gers whicli  ho  liad  braved  to  obtain  for  ine  tlii^  infermatioo.  Willi 
such  a  person,  my  confidence  in  the  observations  which  he  has  made 
at  points  much  more  aocessible,  and  with  the  oxpecionce  of  some 
itddilianal  yeari),  is  cumplete.  I  do  not  mean  that  mistakes  may 
not  ooour,  or  oven  that  tho  measures  may  not  be  lees  exact  tJmn  t 
might  have  taken  myself;  but  from  my  knowledge  of  lite  man,  I  an) 
nearly  as  coufident  in  their  bEing  faillifuUy  reported,  tuaelli/  as 
thry  were  madf,  as  if  1  had  done  so  myself 

With  a  view  to  lighten  tlie  labour  as  much  as  possible,  I  selected 
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two  itaUon)  Ofi  lli9  jflaei«r  of  Bo*tong,  guxl  <lt-«iri>d  BiilmAt  M  Md«tt 
two  on  die  aheirr  det  Boit  (the  outlet  of  th«  iter  d«  Glatt  t*- 
ward*  tbo  rallej^  of  Cbaniouni) ;  all  tliMO  potnta  bttuig  tolertUf  v>- 
OMtiblo  U  inwj  teuon  of  tb«  jtts. 

Tlw  geneml  nictbod  of  obMmtion  hiui  tb«  following : — T«rtic>l 
bolcd  veto  driven  into  the  ice  wiib  a  4-foot  bla&ling  Jrvn,  >l  iLt 
points  wboM  nwtion  wm  tQ  lie  determined  ;  nnd  tliceo  boles  won  r»- 
iMtwud  from  timo  to  lime  m  th«  nurfnco  of  the  ico  wai(t«d.  A  lUiT 
of  wood  &J  f<^ul  lung,  wan  jituck  iii  ua<rli,  wliieb  projeoted  nufficRtidj  | 
above  tlio  BDOw  (which  uever  appears  to  have  exceeded  2|  feat  4tep 
OD  thegUcier),  to  make  it  viMblo  at  all  Hea»c>n».  Duriii;'  winUrthe 
■fame  woro  froxcn  into  ihc  ice,  and  tliv  wa«tu  bniitg  xtnall,  thu  hole) 
did  not  roquirv  reiiuwal.  Two  niarkii  are  iheu  made  of  *  perniaiu-nt 
kind  on  the  ro«ks  of  tlie  moraine,  or  two  stares  driven  in,  or  a  dis- 
tant object  on  tlie  farther  side  of  the  glacier  was  obmrved,  »  u  to 
mark  out  »iiflioi«nUjr  a  lino  tnoKtcne  to  tbo  glnciur,  tlie  prolonga- 
tion of  wbiuh  paMce  over  the  bole  ui  tlte  ioe  ubcii  flrot  made;  aad 
tbe  odvaoce  of  the  bole  in  llie  ice  bejond  tbi^  fixed  risual  line  mub 
the  progress  of  tbo  ((kciBr.  Tbo  want  of  n  tlicodolite  is  nupplied  \>j 
dinoting  tbo  eye  pa«t  a  plumb-lino  Riinpondcd  over  the  Bxed  murk 
OD  the  moraine  ii^anat  to  tlio  glacier,  tho  eye  ai  the  obverrer  beii^ 
ever  the  fartlieat  outik.  As  the  spaces  moved  over  were  m  murf  ■ 
«ue«  considerable,  an  error  of  &  f«w  incli«f.  or  ercn  a  foot,  ic  not 
important  to  tlio  rcxiilt,  The  prrign«»N  wait  in  on^r;  case  doterniineil 
\jj  monnic  of  a  line  marked  with  En^lUh  feet  and  tnobox,  left  bj  me 
at  Cbamuuni  on  purpose. 

The  results  were  communicated  lo  me  regularly  by  letter  at  in- 
t«rrals  of  a  few  weeks  during  the  wliole  year,  and  all  quvttions  asksd 
and  explanation*  ret^utrcd  by  tno  were  answerod  by  nitum  of  poail. 

Those  who  may  luuk  with  HUHpieieu  upon  obse^alions  made  in  a 
remote  pUcu  by  a  peiuunt  of  the  belter  class,  though  they  may  not 
paitake  of  my  security  in  the  results  from  knowing  tho  ohanKlor  of 
the  indiridual,  will,  1  bolioro,  liaro  their  doubt*  romored  by  tho  in- 
ternal evidence  of  this  important  aeries  of  observations,  which  ei-en  o 
pbiloBOpber  could  nut  have  invented,  and  which,  it  will  be  aoeii,  are 
oonfirmed  by  datu  of  quite  another  kind  over  which  tJi«  obcorvor 
could  luLvu  no  contrnl,  1  moan  tho  Meteorological  Registers  of  Gonora 
and  St  Beroatd. 

The  followiug  Table  conlains,  in  a  oondenxed  form,  the  results 
deducvd  from  Utdmnt'sobsorTations  at  tho  four  following  ntations:*-— 

Bois  I.  On  tho  Glacier  des  Bois  a  little  way  bolow  tho  Chapeau, 
at  about  ono-lhint  of  the  breadth  of  the  glacier  from  ita  eastern 
bonk. 

*  Thi«  lahln  la  ■iTlilBcd  fr»in  Uiow  in  tbe  PIij1obi>iiIi1ch1  Tnumaetiii&B  for 
IMS.  pp.  183  &nil  181,  shfTT  the  day*  ncd  boun  of  caDl)  otwervatioa  m 
norc  »o«ur>tcly  Kivrn.  uid  the  loMl  motion*.  Tbo  duyi  (rf'obMrvstioii  an,  In 
gntfti,  tiM  Huuo  IW  til  th«  *t*tii>ii9.  but  not  ]ir*ciwly  ta  In  k  ftw  iaitaociiL 
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Bois  II.  Od  ihe  Glack-rdes  Dois  new  its  lowest  «xtreinit]r,  be- 
hiod  Xho  CoU  du  Piget,  and  iietir  its  ccrtlr». 

BossDNs  I.  Uppur  station  on  ilie  Glacier  des  Boasoiis,  some  way 
•bora  the  pistoau  where  the  glacier  h  usu&Uj  croesod ;  od  the  went 
aide,  near  the  moraiiio. 

Bo!tJONs  II.  Neitv  the  lowest  extreniity  on  tlio  Glucior  of  Bon- 
aoua,  where  free  fVoni  tbo  moniDOi  oa  the  western  side. 


IHTBKTAM  OF  UBtBRVATIflK. 

Misin  I'liilir  UuLiilu 

la  dt|{li4 

!i  luvliw. 

Itoifl. 

nois, 

BoMom, 

BOMUDI, 

So.  I. 

.N'o.  11. 

No,  i. 

No.  II, 

1841.  Oct.  3  to  Oct.  14,  .  . 

320 

14'0 

Oo:.  n  to  Nov. a,.  . 

27-8 

170 

Nov.  2  to  Nov.  19,    , 

2i-2 

Nov.  20  to  Ihte.  4,    . 

11-8 

173 

13-1 

Dec.  i  to  Jun.  7,    ■  . 

11-5 

3-3 

13-9 

130 

IS45.  Jm.  7  to  Feb.  18,     . 

UO 

a-B 

13-6 

12-0 

Feb.  18  to  Mar.  IS,. 

17-0 

30 

15-4 

lS-8 

Mar.  is  to  April  17, 

16  » 

4-6 

12-9 

10-2 

April  17  lo  May  17. 

22-5 

7-3 

23-3 

19-4 

May  17  to  May  31,  . 

370 

8-B 

42-9 

30-3 

May  31  to  Juno  19,  , 

3e'4 

8-3 

34-1 

27-8 

June  19  tu  July  4, .  . 

42-3 

ll-l 

421 

32-3 

July  4  to  July'lS,.  . 

nsi 

H-e 

30-6 

26'4 

July  IS  to  Aug.  6,.  . 

48-0 

11-9 

28-8 

21-4 

Aug.  0  to  Oct.  6,   .  . 

33  7 

9» 

SO-6 

16-5 

Out.  6  to  Nov.  8,    .  . 

384 

9-S 

19-4 

5-9 

Nor.  8  to  Not.  21,    . 

30-1 

7-5 

22-6 

7-2 

The»e  lour  sots  of  observations  are  projected  iii  Plate  V.,  where 
tlw  four  lower  J:ig*ag  curves  rpprcsont  llie  gi-adation  of  diurnal  ve- 
locity by  periods,  according  to  the  method  adopted  Jn  pi\>jectini[ 
my  own  observatious  in  my  Travels,  p.  141.  The  general  aecord- 
uee  is  suflSoieinly  manifest,  and  the  effect  of  the  aoason  of  tlie  year 
it  beautifully  shown,  the  following  being  the  uiiiiiinuit)  and  niaxi- 
mmn  valuea  : — 


tie*  Sois,  No.  I.,  miniinuni  in  December, 
des  Buis,  No.  1.,  maxiinum  in  July, 


DiLily  molion  in  inohu- 
11-3 
53-1 


Ratio  of  mazinium  to  miniiuuiu, 


4i;l 
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Glad«r  do*  Boii,  No.  11.,  nlnlmsn  In  Jshiimj,    - 
OUcier  de*  Bois,  Nv.  IL,  maxixuua  in  Julj-.     .     . 

Ratio  of  maximum  to  mlnimtoo,  .  , 
QLaeierdM  Domoiiii,  No.  !.,  minimutn  in  MaTcb,  . 
Obdor  dM  Bomoiu,  No.  I.,  ma^iniuiu  la  May, 

Batiu  of  raaximum  to  miniBaiii.    .     . 
Olader  (l«*  Bdnooi,  No.  II.,  iniaimnio  in  Marak, 
Glacier  dc*  Botwns,  No.  II.,  raaximum  in  June,    . 

Ratio  of  maximum  to  miniiaiiiB,   ,     . 

VnptilAH  obierratioDA  me  ma;  dnluci'  tbo  annaal  tuotioD  frool 
No*«diMr' ^844  to  NoTenibor  IB'lf^  witli  ooostdenbto  exaetnon.' 
Allowing  fur  tlio  fraclbnni  pnrU  of  a  year,  we  obtain  the  following 
resulta,  aniongnt  whicli  1  liavo  included  a  wparato  conipuiaticm  rf 
llio  moan  daily  inoiion  for  tlie  nammor  puriod  (April — October),  toi 
the  winter  period  (Octwlwr — April). 

Taui-e  II. 


Motion   for  365  days,  Nofeu)b«r 
1641  to  November  1845,     .     . 

Mean  daily  motion 

Hc*n  dally  motion,  summer  period, 

April  to  October, 

Moan  daily  motion,  winter  period, 

October  to  April 

Ratio,  aummer :  winter,  motion,     , 


Boil, 
Sa.1. 


Feet. 

847-5 

Inch**. 

27-8 

37-7 

191 
20:1 


Bolt, 
No.  II. 


P*ek 

S30-8 

In«hc*. 

7-3 

&-& 

4-7 
3-1  -.1 


Bowone, 
Ko.1. 


FMk 

657-8 

Indtfa. 

31« 

S8-0 

tit-8 
1-3:1 


BoMOBt, 

SO.U. 


Fmc. 

4S9-1 
Intboi. 

161 

232 

IM 
Mil 


I.  From  Ibis  Table  we  duJuce  in  tbo  first  place  a  mean  annual 
■notion  far  groater  ihnn  had'  hitbertu  been  obsertcd,  or  perhaps  xus- 
psoUd  in  any  glacior,  that  of  near  300  yanL«,  or  almost  ono-tixth  a( 
a  mile.  This  is  on  tho  Gbicicr  des  Boks  benentli  tbo  Cliapeau,  wboM 
tilt)  inclioutlon  of  llio  clacier  is  very  steep,  lulding  a  new  illuatration 
of  the  general  principle,*  that  in  timilitr  circumstances  the  roloeity 
increaaoi  with  the  slope.     Tn  thU  caase  may  be  added  Uw  h,^ 


*  TrateU.  Sd  Edit.,  p.  STl. 


^ 


\ 
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Umperature  of  th«  ftir  of  tke  valley  to  which  in  this  ptkrt  of  ies  course 
it  is  expo&ed;  but  this  laMcKUBO  is  alon*  insufficient;  for 

II.  We  fii)d  tbM  the  lowest  part  of  the  same  gUcier  immediateljr 
buhtnd  the  CA(«  du  Pi{|;eC,  n  littlo  wnj  above  the  sourco  of  the  Ar- 
veiron.  and  therefore  f^lili  deeper  in  the  vulloy,  bos  a  moan  velocity 
nt»rly  four  timf.t  Irii,  m-isiiig  sululy  from  thu  Jiniini«lied  tlopo  *tld 
volume  of  the  gUtcier  In  thai  part.*  lienor  tiiure  must  be  n  oonden- 
tfttiou  of  the  ice  het«,  a  preMuro  A  ttrnti^  the  qaicker  moving  ice 
pressing  Bg«in«t  tho  Miowor,  <wiuoli<ktlng  it,  ri?moul(lin<^  its  plutic 
rafttorU  and  vualing  the  oruvaMes ;  uud  n  slight  csaiiiinntion  of  the 
state  of  the  gbicitu-  at  the  points  in  question  will  shew  this  to  be  the 
«tse. 

III.  All  that  has  now  been  said  with  respect  to  tbe  two  stations 
on  thfl  Glacier  de«  fiois  laxiy  bo  repeated  with  only  numericnl  differ- 
snoes  with  respect  to  the  two  ttatioiiti  on  tlie  Glacier  des  Bossons ; 
tho  one  set  of  obsLVrattous  oonfirtning  the  other. 

IV.  in  both  gUuTJers  tbe  summer  motion  excoeds  tlie  winter  mo- 
tion in  A  greater  projiortion,  mt  tbe  station  is  lowi'r,  that  i^  exposed 
to  moru  violent  altcniatioiiB  of  heai  and  cold ;  this  wo  shall  find  to 
keffeneraL 

Boforo  continuiog  our  deductions,  wo  would  call  attention  to  the 
closo  relation  wliidi  may  be  established  between  tho  mean  tempera- 
tore  of  any  portion  of  the  your  and  tlio  velooity  of  the  glaoior  cor- 
nwponding  to  it.  This  is  done  in  Plate  V.,  exactly  in  the  same 
way  as  1  did  when  compnriiig  my  ob»orrntions  in  the  summer 
eflS-IS  witli  tho  corrcKponding  change;  nf  tompornturo.|  That 
if  to  Kay,  I  liavo  jirnjcoted  by  fiertttds  (oorrftipondiiig  to  tbe  intervals 
of  observation  on  tbe  gbiciers)  the  mean  teLiiperatures  as  obtierved 
at  Ueneva  and  at  the  Great  St  Bernard,  which  are  regularly  pub- 
lished in  the  HMiotkfqite  Uiuversrlle;  the  average  of  which  (sepa- 
rately deduced  from  the  meun  of  daily  maxima  and  niioimn,  nrid 
projected  in  tbe  upper  part  of  the  figure)  may  ropresent  not  inaptly 
the  avorage  tompeniture  to  which  the  gLiciers  in  i^uestion,  and  espe. 
cially  tbe  middle  and  lower  regions  of  them,  arc  expgKod  ;  and  fur- 
ther, this  avera^  poBSOsses  the  advanCogo  of  being  derived  from  data 


*  Thi*  •ipltlDi  a  cireumBUnco  which  hu  alwajs  Ucbarto  t>Mii  a  diffieottj 
10  m« ;  th<*  unitoil  I^Btimuoy  of  thi?  Iwat  Jafomi^d  InhAl^tJuiC*,  not  enlv  at  l?hi^ 
noaai  bat  eliM-whvrc  (at  nt  Zsrninll  nnd  at  the  Siinploa).  Ut  tho  eRpcl  Ehnl  du- 
rlof  wtnlor  Ihc  liiircit  end  of  ■  glacier,  nhich  tornilnatas  In  a  vutluy.  iluiii  uot 
gnMlIy  |>rotrLiiln,  imr  forra  tlis  (now  before  it.  Tbla  AtUci.  In  Tiiri  from  the 
<ilmi>>r>lii«  fiiinllciBU  of  the  motion  which  Uio  tony^t  of  lurli  o  glnvier  upponn 
to  BMBMS.  etppclally  la  wlnlrr. 

f  Trai»l»,  p.  Mi. 
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wliollj  uiiooiineet«(t  with  ibe  pUco  or  putiea  wlwre  and  by  "rtwo 
lli«  obsernttion*  on  the  motioD  of  tli«  glaciers  were  inad«,  and  iherp 
ion  aro  rroo  from  the  remotcat  su!(pi«ioD  of  Mther  id  W17  d^rM  in- 
flntneing  thfi  other. 

Taulk  in. 

Mean  Temperaturoit  (by  periods)  od  ihq  Coiit^mdo  Sotla*  obsemJ 
ftt  Geneva  and  the  Great  St  Barnanl. 


Utauk  of  Mnx.  and  MId. 

Uenava. 

St.  Bfsmwd. 

l&U.  Oct.  9  to  Oat.  li,  .  . 

12°07 

l-iQ 

Oct.  14  to  Nov.  2..  . 

6-45 

-  x-w 

No».  »  to  Nov.  19,  . 

7-47 

-   202 

Nov.  10  to  Dec.  4,    . 

2-37 

-  s-is. 

Doe.  4  to  Jan.  7,    .  • 

-   037 

-    8-33 

19*5.  Jan.  7  to  Feb.  la,.  . 

-    1-33 

-10-30 

Feb.  IStoMar.  18, . 

1-01 

-   8-24 

Mar.  18  to  April  IT. 

6-42 

-  4-97 

April  17  to  May  17,. 

10-ao 

-  0'«» 

May  17  to  May  31,  . 

n-87 

O-fiS 

May  31  to  June  19,  . 

18-20 

6-2» 

June  19  tu  July  4,.  . 

17-35 

5-17 

July  4  to  JuJy  IS,  .  . 

18-42 

6-14 

Julyie  to  Ang.  6,.  . 

ia-24 

S-46 

Aug.  6  to  Oct.  e,    .  . 

16-33 

3-83 

Cot.  8  to  Nov.  8,    .  . 

7-81 

-   0-60 

Not.  S  to  Nov.  21.    . 

930 

-  s-,-i 

A  geueral  ooniparinoii  of  the  curifes  of  temperature  and  thoM  M 
glftcior  motion  (nioie  particularly  on  tho  Glacier  des  Bois)  aflfor<b  t 
proof  of  the  justness  of  the  principle  laid  down  by  me  in  1842,  ibit 
the  motion  of  the  iou  "  is  more  rapid  in  Bunimer  than  in  winter,  in 
hot  than  III  cold  weather,  and  especially  more  rapid  after  rain,  sad 
less  rnpid  in  sudden  frosts  ;"■  tlio  evidence  of  the  connection  is  plainer 
by  more  inepection  than  any  detail  could  make  it.  But  1  request 
«ttentiun  to  the  a]iparent  anonuLliea  of  the  curvea,  as  aJfordinj;  a 
itronger  evidence  of  the  fidelity  with  which  the  measuremenls  liir 


*  Foanh  Iietturoii  GlMlont.  K>]i,iburgh  PhiloBopbiwl  Journal,  Jan.  18 

uid  Appendix  la  Truvvk,  2il  iJilit,,  p.  115. 


.  ta  tho  truth  of  thti  plastic  Uioory,  than  perhaps  even 
oldoneo  jnKt  (crerrt.-<l  to. 
■^ilip  Telocity  of  the  glacitr  depend  upon  (he  complcien<iMi  of  its 
infiltration  with  water,  rendering  the  whole  «n  imbilod  porous  muis 
like  a  sponge,  it  cannat  dcrpeud  aoMy  on  the  im-nn  ti^mperaturo  of 
uy  period,  but  alfto  upon  ilio  wetness  of  the  surfaoo,  wliHher 
dcrJTCd  from  niiii]  rain,  from  thn,wiR{;  snow,  or  from  any  other 
VHteorological  nmident  whiuh  tlio  register  of  the  l.hermom«te>r  can- 
not of  itself  indicate."  Further,  u,  thick  coaling  of  snow  on  the  g!a- 
cjor  Rinst  defend  it  from  the  excessive  cold  of  wiiitiv,  ju.it  as  it  de- 
IiMkU  thi!  rarth  and  plants,  and  con!>oqiKrtitly  the  niiiiiiiium  of  mo- 
tion will  not  ncoCKKnnly  coincide  with  tlia  minimum  of  trmporature. 
Now,  to  estimate  these  more  irregular  cauaea  is  not  eitsy  ;  but  some 
light  is  thrown  upon  tbem  b^  a  rogieter  of  the  weather  and  btate  of 
the  .inow,  veluntaril;  kept  for  ma  nt  Chamouni  by  Augiiste  Balmat ; 
which  fornu  a,  valuable  tiupplement  to  the  the  rniu metrical  register 
of  (lenova  and  St  Bernard.  Although  the  daily  dutaild  would  lake 
up  loo  much  spacL-,  1  will  eiideavniir  to  give  a  faithful  abstract  of 
tnMn  to  tar  as  to  give  a  gr-noiul  idtn  of  the  climate  of  Chamouiii 
from  October  1844  to  Novmiibor  1845.  This  diiiry  iiir.liiilos  (at  my 
request)  occfibionsl  iiotoa  on  the  state  of  the  source  of  the  Ai'veiron, 
which  *ro  of  considerable  iiiteicst. 

Weatkei'  at  Chamouni. 

1844,  October. — A  guod  deal  of  rain  during  the  month,  which 
on  tho  10th  and  ICth  fi.'ll  as  f-navi  on.  the  hilU  ^niiio  )iidie«  at  Mon- 
Iwiverl),  and  subsequently  to  the  latter  day  the  glacier  at  the  Mon- 
tanvert  was  not  dear  of  snow  during  the  winter.  Hlh,  Source  of 
the  Arzeiron  diminished  to  one-Jourtk  (<if  the  summer  volume). 
lec-Tuult  more  lliaii  half  L'Wed. 

Ssoveniher. — Till  14th  mueh  rain  and  snow;  fine  with  fi-o«t  afler. 
iOth,  Source  of  the  Arveiron  very  lowt  has  not  aliiftcd  its  usual 
position. 

Derember. — fl'eatlier  generally  fine  throughout ;  cold  most  serere 
from  7tti  to  12th. 

Id4&,  January.— The  weather  coulimied  eplentlid  till  the  20th: 
greatest  culd  from  —2^  tu  —5°  Reaumur.  19ih,  The  vault  has 
disappeareil  at  the  source  of  the  Arveiron.  20th,  The  first  snow 
fell  which  lay  at  Chamouni,  and  continued  from  (his  day,  attaining 
a  depth  of  ij  foot  in  February.      Up  to  this  lime  all  the  secondary 


■  "  Tlip  f'foportifn  nf  vvtocitjr  doea  uot  follow  f ho  f-rvitartUn  (»f  heut,  becaiuo 
4ny  cauat.  lucli  u  Uip  meltiDg  of  a  voMing  of  "iii<»  t'y  n  auildrn  tliatr,  hs  !n  the 
«nd  of  sii|>tuiiibi!f  IHjy,  produiica  tbo  some  cffoct  ut  a  grttt  heat  would  do." — 
TiavolB,  Sit  Edit.,  ji.  372- 
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beigbta.  eT«n  (be  Bre*«n  and  Flegire,  were  ottar  of  snow,  uid 
WMtlicr  vuitablo  for  Ch&moia  huDttng.     Oocosional  snow  till  tbe  taj 
of  tlM  nMOtli. 

Febrwtry. — Snow  ftt  hiterv&b  hU  the  nootb.  13iii,  Gr«UM 
cold  of  Ui«  »eMoo;  tiiermometer  —  15''Heaum.  fotl»wed  bj  6fi* 
wntlMir.  20th,  Snow  lice  2t  feet  de«p  at  tlxi  apper  stMion*  on  tk* 
gUtci«rH ;  1}  foot  at  Ch&mauni.  Tbu  arch  of  Ui«  >ouroo  of  tbe  Ar> 
veiron  bas  wbollf  divappi'iuvi],  but  the  watts  Isues  at  lb«  UKual 
ptacH  at  in  summer.  Tbe  water  b  reduced  to  a  small  amount  and 
maj  eaulj'  be  «t«ppod  ncro«s.  It  is  'M  whttith  and  dirty,  tboagb 
Itas  80  tliao  in  aummor ;  oteept  when  a  change  of  weather  is  tlireat- 
onod  (when  it  Is  as  dirty  as  in  lummer)."  5unw  daU,  The  ghdfiT 
of  BoNtons  hasMteoded  itself  niuoh.  "  Od  nas'y  reconnait  prosqus 
ptu*.''  It  is  advancing  towards  tha  moraine  of  1818;  and  ilio 
lower  end  is  at  luiMt  !>CTonty  feet  bigh. 

MarcJi  lht-3d,  Mild  with  rain  ;  3d-l3th,  cold !  IBtb,  fi^eaiy  rai'a. 
Ait«mtLte  rain  and  line  till  tbe  end  of  tbo  tnonth.  27<)i,  Not  bslf 
a  foot  of  snuw  lying  at  Charaouni.  Thu  Koiin:i)  nf  tbo  Arrviron  liai 
not  Opened  a  vault.  Tho  ijanntily  and  muddiueas  of  the  water 
aamo  a*  at  tlie  last  report. 

April. — First  week  floe  :  second  week  cold  with  snow  ;  chan] 
ablu  to  tho  end  of  the  month.      16lh,  Source  of  .Arvniron  has 
much  inoroaauJ  in  wntcr  xinco  thi>  niiddlu  of  March.     In  t)i«  end  of 
April  the  snow  first  disappeared  i'roin  tho  lower  part  of  lioili  gla- 
ciers. 

jUoy. — ^The  first  half  of  tbe  month  fine,  with  oocauonal  snow ; 
tbe  second  half  changeable,  with  rain.  ITtli,  Tbo  source  of  ttie 
Arveiron  baa  inureascd  lbrou-fo4irth»(in«ai(«  probably  in  the  ralkt  of 
four  to  one)  since  the  middle  of  April,  and  is  diily.  Tbe  ice-rault 
Is  not  yet  formed.  2^<th,  The  Cilacier  dot  Boswns  adrancos  rapidly, 
and  is  crumbling  into  pyrninlds.  The  end  of  tlio  glacier  is,  at  lout, 
Mgbty-flvc  fevt  high,  and  advances  cooniderably,  particularly  during 
tha  month  of  May  ;  and  widens  greatly. 

Jvmti, — A  clinngcablo  and  wet  month ;  a  very  laic  KcB«on.|  The 
anew  did  not  entirely  di.iappuar  from  tbe  Mer  de  Glace,  opposite  the 
Montan  vert,  till  the  beginning  of  July.  6lh — 7tb,  Tbo  rault  opened 
at  tbo  source  of  (ho  Arveiron.  Tho  quantity  of  wator  since  ^  end 
of  May  is  the  usual  siimiuer  euppty. 

July. — Commenced  with  warm  weather.  6th,  Tbermomeler  27° 
Reaum.     Tho  snow  bus  disappeared  from  tbe  ice  opposite  Montaa- 


hai 

I 

lof  " 


*  TliU  inigiortiiDt  rsni&rk  [troves  thftt  in  tfao  mlddlo  of  wtnwr  a  Wmponij 
lbs  or  Ivmiiprnture  of  the  air  over  the  higher  glucinr  rvjiioii*  (wblcli  I*  the  pM- 
eoMor  a(  liiul  woaUicrj  doc  only  produijH  a  tbaw  clu-rc,  but  finds  Uie  ibbsI 
ctmiiiiKli  slill  c>[ioii  for  iTimimitting  ibc  nccumalBlod  tuovt  water. 

t  It  "ill  bv  •iH>n  frucu  Uiu  tuinjisniturn  vurva*  that  the  (harmomotci' /bII  cOO- 
lidonlily  La  tlio  litMr  |wrl  of  Juuc,  both  at  Gowru  anil  St  Biriurd. 


Variatmi  e/  Motion  at  different  ^atotxn.  339 

nrt,  but  «omfl  pntclm  rcRiain  on  die  nny  to  tlifl  Janlin.  Tlie  Mer 
da  GUce  \*  math  bjgjiur  iu  level  (about  forty  feet)  Umd  in  furmer 
jrears,  aud  (he  outrb^  made  in  tbe  rock  at  the  AnijU  (in  1342)  are 
all  caT«r«^.  Tho  croTa»xc«  n\wh  tlic  xamo  at  UKiial.  The  glacier 
of  Bouons  IioK  alNo  incretiAcd  ^ruiil)'.  nod  ap])ear!i  to  be  apjironchtng 
its  <^  morainea.  The  register  fur  the  greater  j>arC  of  Jul;  liati  pot 
coin«  tu  hand. 

^iigvH, — A  very  changeable  raiiijr  month.  8th  or  9th,  Tho  nrofa 
at  the  louroe  of  the  Arveiroa  fell  in,  and  did  not  form  again  during 
tbe  season. 

S^tember. — AIko  a  cbangeable  month.     Bain  twelro  day*. 

Octob<r.—A  Tei'y  Gae  month.    No  rain  monlionod  after  the  Ttli. 

A  careful  exatnination  of  thix  interesliu^  register  will  explain  se- 
veral of  the  apparently  irregular  inflections  of  the  curves  of  glacier 
motion.     TItuE  (to  continue  our  general  romarlcB,  p.  186),  we  find, 

V.  At  the  upper  station  on  the  Glacier  dea  fiois,  the  least  relocity 
occurred  in  Devember,  whilst,  at  the  lower  station  (and  at  both  of 
those  on  the  ilosgons),  a  itiinimuro  coinciding  also  with  that  of  the 
lempcraturo  of  tho  nir  took  place  in  January.  Tlii.'s  coincides  with 
tho  important  fact  noted  in  the  preceding  register,  that  the  upper 
part  of  ibe  Mer  de  lilace  was  covered  with  tiiow  from  the  Ifitb  uf 
October,  which  only  hiy  in  tho  valley  of  Cbamouni  from  tho  20th  of 
January  ;  the  snow  scixioiiing  tho  ice  from  the  ezti'eniity  of  the  cold. 

VI.  The  comparative  mardi  of  the  two  glaciers  bears  a  rvmark- 
ablo  relation  to  their  positions  and  form.  In  the  Bohhoiiei  we  detect 
at  once  the  Kuddon  transitions  and  seemingly  capricious  changes  of  a 
torrent ;  in  tbe  Mer  de  lilace,  wo  have  tbe  stiitely  and  regulated 
fiow  uf  a  river,  in  which  the  slighter  variations  are  absorbed  by  the 
predominant  inertia  of  a  comparatively  stable  mats.  N<jW,  tlio  gla- 
cier of  Bossons  is,  as  every  one  who  has  seen  it  kiiowa.  a  mere  ioy 
turrent,  "  a  frozen  cataract,"  which  descends  in  a  uontiiiuoue  mass 
from  the  level  of  tbe  Urand  Plateau  of  Mont  Blanc  to  that  of  the 
Valley  of  Chamouni  wilb  very  httlo  impediment,  with  no  eonlining 
bulwarks  of  ruck,  no  contracting  straits  ;  and  tbrougliuut  this  great 
vertical  height  of  at  Iea«t  9000  feet,  (he  angle  of  descent  h  very 
Etcep  indeed  for  so  vast  a  mass.  On  tlie  other  hand,  tliougb  tbe 
part  of  tile  Mer  do  Glooe,  called  the  Glacier  des  Bois  under  the 
Chapeau,  is  very  steep,  its  *'  regime"  in  regulated  by  ibu  supply  de- 
rived from  the  reservoir  glacier  above,  and,  precisely  as  in  rivers  of 
groat  magnitude  and  length  of  course,  nnd  of  moderate  declivity,  it 
yields  sluggishly  to  impulsioe  or  retarding  forct*  which  are  checked 
and  opposed  by  the  multitude  of  ginuositios,  the  embaying  of  the 
iou  in  rock-bound  expansions  of  tlie  channel,  tho  struggle  of  ite  pns- 
Mge  through  defiles,  aud  tbe  enormous  frictinn  of  ita  lower  surface. 

L . 
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Yot,  lest  we  might  BttHbiit«  the  irregularili^s  oT  tlui  tomntU  gk4 

V  eier  lo  «>a8«*  qotte  local  and  uncertain,  we  find  thera  reflcctoil  non 

or  Ion  distinctly  in  the  moviMncnti  of  tho  neighbouring;  one^     Tbu 

tliQ  (uioRialdu*  retantaUun   in  the  end  of  March   anJ   bujjiiuiing  of 

Ajiril  ft(ipcars  in  throe  statious  oul  of  four,  as  duoi  that  in  th«  &rK 

hair  of  June,  tihawing  dearljr  that  it  \»  not  an  error  of  oJiMmtitn. 

It  appcari  that  the  lliaw  of  llie  wint«r'H  Know  during  the  monlli  e( 

VLkj,  uiuratiiig  th'    pores  of  the  glacier  with  watiT,  proitiic«<)  (fa 

we  know  that  a  thaw  always  doee)  a  sudden  and  violent  march,  «• 

pKinlly  of  thi>  moi'o  siiccoptiblo  or  torrciuial  gliwicr.      ^  cumpldel; 

[  had  thia  Kitdden  move  for«ed  on  the  glaeier  of  BoaMM,  encvnWed 

[  bf  the  spring  avalaiidisa,  and  loaded  with  all  the  fn^montaaoJ 

[  mow  inaHts  which  had   remained  temporarily  snepended  daring 

die  winter  monthii,  tliat  th«  luwe-r  part  of  tho  glacier  (ex  we  retul  in 

the  memoraiidn  to  tlio  register)  advanced  and  widened  grvatlj,  to  ui 

ext«ni  which  it  had  not  done  f<>r  many  years  past,  and  ;c«mcit  (o 

change  it*  whole  charaotcfr;  and  in  February  a  similar  torn purary 

L  incrcMO  of  rulutne  had  taken  [ilacc ;  "  on  no  *'y  iv<?onnait  pnwqac 

plus,"  writes  lialniat:  thus  accounting  for  the  particular  aocvMMn 

uf  vprnd  which  appears  in  that  month.     In  both  eases,  afur  Uw 

rapid  march  in  February  and  in  May,  a  reaction  takes  placv;  t)i6 

material  ii  il^iBcicnt,  th'i  vscMifivo  pretsure  has  been  removed  by  tin 

previous  overflow,  and  a  lull  ocours  in  March  and  in  Juno. 

VII.  Theio  irregularities,  such  as  tliey  ai-e,  oven  should  we  fsil 
in  «ntirely  explaining  them,  are,  at  lca»t,  not  to  he  attributed  Cd- 
tirely  to  errors  of  obserration,  since  diWeront  ob>ii>r\-alions  (wbieli  it 
is  to  be  recolIciTKid  were  sirnt  to  England  in  so  rough  a  state,  iIai 
■they  required  to  be  reduced  and  computed  before  the  venations  of 
I  Telocity  could  be  deduced  from  tliem)  agree  aniun;;>'t  ono  another,  and 
agree  with  the  phonomona  cainally  noted  in  the  Ali^tnurotngical  Ho- 
gjnter.  They  arc  very  trifling  in  the  movement  oT  the  tihkcjer  dai 
Bois,  which  presents  a  curve  of  remarkable  re^nlnriTy,  giving  a  mi- 
nimum about  th*  Mid  of  DiTRember,  and  a  maximum  in  July,  The 
coinciiJiTnee  with  tho  curve  of  temperature  is  greater  thraughout  tlwQj 
we  could  have  expected,  considering  the  important  dift'erence  of  ctt 
oumftances  which  occur  in  autumn  and  in  spring  when  tiie  the 
meter  Ntsnda  nearly  alike,  the  first  chill  uf  autumn  depriving  i 
,  glacier  of  ilK  fluid  pressure  more  effectually  than  the  severer  cold  of" 
'  winter  which  is  tempered  by  its  snowy  covering,  wiiilrt  in  spring  tlM 
first  rvlaxalion  of'  tho  bands  of  frost  snturutus  the  icy  mam  witii  the 
impetuous  ttroam*  of  molted  snow,  as  elli'Clually  as  tlie  inltinacM 
heat  of  summer.  In  fact,  tJie  Telocity  would  probably  be  grcMeat 
in  spring,  were  (t  not  that  then  the  ico  has  attained  ita  gruntost  con- 
Holidation  by  tho  slow  but  continued  effect  of  the  winter's  oold  pMie- 
Irating  its  upper  biycrs,  though  after  all  probably  to  no  very  gTMt 
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Apt)).  Bdl  ihii  ii  unduubtudly  thi?  rea-tcm  wtiy  ilie  mininittn)  and 
maximum  ajipruacli  ho  near  lo  one  aiiotlior  In  puiiit  uf  limr^  in  th« 
torivntinl  glwifir  of  Dowons,  and  it  romrmsn  iinportanc  illiidlrutiijn 
froni  Uic  intlopoiidL-itC  faal  a(  tho  uhservcd  eonditiaii  of  tlin  tviirce  uf 
tJw  Atveiron,  wliioh  (see  lh«  MeteorolojjicfU  Il«giBlor,\  though  strry 
mnall  in  IVbrunry,  »m  still  whitith  and  dirif  bufvre  a  changu  of 
wi>titli«r.  allowing  thai  ttio  hands  of  ftvst  were  not  no  ftrong  m  to 
imveiit  a  teinpomry  relawtioii  of  thaw  throughont  the  miw*  of  the 
gliiicifrr  «ven  in  winter ;  nnd  ali.liongh  ihe  i'i>-'>h  tempi-raturv  ui'  tUe 
air  hwl  bi-on  rining  ever  since  tho  middln  o(  Juniiury,  mid  ttii>  groalest 
oold  luid  un'mtid  uarly  In  b'd)ruary,  tvu  llnd  that  ur,  thi-  L-nd  uf  March 
(bi*  Miurivt  n(  till}  ArtTit'on  wn<  otil)  nv  viiiall  An  in  (Vbninry,  aiid 
tJwl  owing  bo  the  ooidniiM  of  llio  Hpriti^.  it  hMil  nut.  nnon  intii-oBRcd 
reiy  much  till  the  middle  of  vVpril,  wtuiii  it  ahiiw^t  suddenly  reeumcti 
itj  summer  ?olume.  Now,  during  nil  this  time  tho  TclocitifS  of  (he 
glnciun  underwent  but  little  c<Iiangc,^ — nunie  oscillatiunn  linckwnrds 
and  forwards, — but  t>wk  n»  real  tttart  until  the  fro§t  bad  given  way, 
and  tha  tumultuous  course  of  the  Arvciron  ehewixt  that  its  Teing  w«re 
again  filled  with  the  ciroululing  minliuni  to  whicli  the  glneicr,  lik« 
the  organic  fram<»,  Owen  lis  moving  energy, 

VIII.  Beinjc  curious  to  soo  how  far  a  rr^lation  might  be  osta- 
blixhcd  bctwcmi  iho  tcmperntum  of  thu  air  and  the  motion  of  cho 
glacier,  independent  of  llw  irregularly  acting  causes  sbofe  ndverted 
u>,  I  projected  the  motions  of  the  several  points  of  the  glaciers  in 
(ernis  of  die  temperature  of  the  air  for  tho  periods  already  men- 
tioned. It  is  to  bo  rocollccted,  however,  tlint  tho  obnervationii  of  the 
tliermorooter  were  not  tniule  on  the  spot,  and  indeed  it  would  have 
been  ditBuuU  lo  have  fixed  upon  a.  spot  which  Hhouhl  reprpnont  tha 
mean  circunistanoss  of  tho  whole  gliiciitr.  PnrlmpB,  therefore,  the 
arerago  of  tlie  obuirvations  at  (leneva  and  St  Bi'mavd  (iJie  mean  of 
whose  elevations  ia  47&0  Kiiglieh  feet  above  the  fca,  ond  thurefore 
between  that  of  MontAnvert  and  ('hnniouni)  may  reproBunt  pretty 
(airly  the  climnterio  oonditions  of  the  inferior  pai-ts  of  the  tilaciers 
dt«  Boia  and  fiuhsons.  Now.  if  we  exnniino  thu  Kurvus  in  ^uosiion. 
they  indicate  aa  atmont  i>fTff.rl  imiformitij  of  motion  until  r<ro  ri/the 
ctafitrade  *ealf-  of  tempernlure  tn  reached  ;  but,  ihe  thawing  point 
«f  iet)  jwsl.  the  velocity  nianil'ostly  goos  on  inci'uiiiing  *iili  the  tem- 
peratnre,  iu  a  ratio  whieh  would  appear  to  bo  tolerably  tiiiiform  if  we 
neglect  tho  irregular  inllcetious  of  the  curves. 

IX.  I  am  unwilling  to  multiply  deductions  which  every  inti-Ui- 
gent  reiuii-r  will  draw  for  himself;  but  ona  more  1  niiiBt  add.  It 
very  clearly  appi-nm  that  ilie  vanations  of  velocity  due  lo  seaMU  ar« 
greateat  whore  tho  vnriatious  »(  temperature  of  tho  air  are  gmteit, 
OH  in  the  lower  valleys;  but  it  al«o  appears  from  Remark  VIII., 
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Uikt  TuHittloas  of  UmjKiraliiro  Iwlow  0°  CMitiKm^O'  t  32°  ('ttiren- 
llfltt,  tfo4im  kIbioiI  inappr«i.-inbli>  cbnngcti  in  (he  raM  lA  OMtlon  v' 
iho  icp.  Heiure,  (rata  thU  circuttuUnce  alone,  we  should  •Mum 
tbat  in  the  higlicr  parts  of  the  ffl»cier  (where,  for  oxjUDple,  it  (nwu* 
nlhion  ovei'y  niglit  in  mmmcr)  the  varintiaow  of  tvlocttf  diould  b« 
IroKt,  And  indvt'i)  ciMnpttraliTel;  small  U  diffM«nt  sntaoni.  Tbii 
in  well  iUuHtniteH  by  comparing  the  nummer  ntotkim  of  the  tutnnt 
n,  A,  and  C,  mentioned  in  tlio  finil  pari  of  thb  teetion,*  with  ihei) 
(inniiul  motion,  which  exhibit  n  much  iligbter  ejceos  in  favour  of 
the  Hunmier  period  than  in  tho  lower  stationt  which  we  are  now  die 
eiiMlnj;.  The  »niue  thing  wa«  oliMirred  bj  H.  Agiuiiix'K  utmfon 
00  the  glacier  of  tho  A«i-.  Their  positii«i  of  obiat-rration  far  up  on 
the  glauier  of  the  Aar.  in  a  hpnt  haring  a  mean  temperature  nM 
the  freeiing  poitit  if  not  lowor,  lioi]  a  ■uiniMF  daily  motion  of  ^-99 
inehoK,  ana  a  muaii  daily  mutioii  during  tho  whole  year  of  0-41 
inehea.f  Now  at  station  C,  or  the  Pierre  Platte,  on  the  Merdf 
Glacw,  the  mean  motion  for  July  1842  waM  10  indicn,  and  for  ll>f 
whole  year,  1842-43,  it  waa  8-A6  inchoa.  It  in  quite  cridc^t  tbtt 
the  motion  of  any  point  in  tho  luid^tof  a  glacier  is  controlled  byl 
of  thoiic  vrhicli  picRodo  and  follow  iT,  and  that  it  does  not  neceMvil/ 
result,  either  that  all  inunt  at  unce  nulTer  a  Kimllar  increase  or  dt 
minotion  of  speed,  or  that  the  times  of  maxima  and  mtniaia, 
even  tJio  general  form  of  tho  animal  ciirre,  shall  be  the  sanie. 


*  8m  tha  PhlloMphltnil  TraiuMtlmi*,  ISM,  p.  17ii   Thl*  pftrt  ot  Ih*  Mciio 
l>  Dot  nprintoit  htttt. 

t  OnnpMa  Hrnidoi,  Dfc.  9^  184i. 
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Rmtarka  <m  (A«  Ctimau  «/  1816. 

Hi>wev«r  great  ma;  b«  the  flw^tuiitioni  of  temperature  lu  tb«  ntut 
moiiiht  ftiid  «i>a*on> — however  •ultrj'  the  tiunnicr.  or,<«M  the  wintar,  la 
ftiiy  portiuular  yvax,  '\\t  moao  Wmiwrttlore  Taric*  but  little  fmni  lb«  di' 
tiiatk-.  or  avontgu  sMual  moan  of  th<;  locality,  wlie«  faux  corrvutljr  >m««- 
tainoti  -.  uid,  «Tea  th«  gfroatml  Toriation  bttwMD  one  7«ar,  and  uit 
utber  Ibe  uott  oppotite  in  character,  andextcndinii  ow  a  long  perwdof 
tlmo,  whm  Mcnmtoly  expreiaed  in  figure*,  appear*  lotriviiil,  tb*t  oxMfl 
to  the  metoemloKist,  it  fitil*  to  convey  any  adequate  idea  of  tbo  eneat  or 
de£denc7  of  heat,  or  «f  the  abMhite  Aiflvreaw  in  teuiperature  hMwwe 
the  period*  In  quanlion. 

Tho  jTMim  1S4.5  uid  1846  prweni  tiie  oppottte  citremca  of  the  dmu 
temperature  of  thU  place ;  for,  whiUl  1  hi:>  ta  the  ooldevl,  ita  aucceww  ii 
the  ivurme*!  of  the  last  fourteen  year*.  And,  should  the  re^ater  beem- 
I  linued  till  half  a  centuri.-  b  complntnd,  it  !■  pi«l<ut>1o  that  the  dlffereset 
llMtWDcn  thc!  cnldcTst  and  the  mildeat  year  in  that  period,  will  not  (Tuetly 
I  the  vwiiitiun  in  temperature  bMnreen  the  yean  l^-t.*)  and  1(M4, 
F^s..  3'*3l>,  or  3t  degrue*  per  diem  tiearly.  The  mean  temgiurHturQ  It 
S'~17  above  the  average  of  the  preceding  tliinceu  year*.  1'lii»  great  In* 
oreate  is  nul  lalely  otcasioaed  by  the  exoestiTo  honl  of  thc  lummnr,  ler 
Bverv  month  (DeMiuber  extiepled)  is  eoDttderably  abui-v  the  nvcrnge 
temjeratare,  aa  may  be  galhenid  from  the  followiug  monthly  rvmark*  :— 
January. — The  mildest  January  on  record  at  thle  place,  except  that 
of  1^34,  which  csceeded  it  J  of  n  degree.  The  menu  tempemtnre  i* 
^."014  above  the  uverige.  and  un  one  night  only  lia*  tlin  thermometer' 
dosconded  to  the  freeiiiig  poiul.  Tlie  nomplemcnt  of  tho  dew-point  il 
l'^73  under  tlic  mean  fur  JaiLuary,  and  there  bus  been  no  month  in  the 
lait  fear  years  at  nil  approaching  to  it  in  dampneu,  the  jioiiit  of  aatun- 
tion  being  only  I'48  bc-luw  the  nmahaneous  teuijKrolurv  of  the  alr- 

Among  tho  many  wonders  of  the  season,  a  robin'*  nMt,  containing 
four  oggs,  is  said  lo  have  b«eu  fuund  near  WarwieJt,  Carliilo,  toward* 
the  lattur  end  of  tho  inontb. 


I 


fb^urn/, — The  mildest  and  dampe«t  February  ^ince  I  have  kept  a 
',  the  years  1833  and  1834  nppronching  the  nearrat  to  it  In  temp* 
erature.  Tlie  mean  temperuture  is  4-  91  above  the  average,  and  tlu:  coni- 
plcment  of  the  dew-point  Is  le««  than  in  any  other  nmnth  of  the  p«*t 
four  years,  except  in  January  Irnrt.     Tlte  ntniosphere  hae  been  very  un- 

;fiivoural>to  for  free  radiation  of  heat,  both  in  JiLnDai7  and  Pehruajy, 
there  bBing  aeoretly  an  entirely  clear  night  in  either  month.  _ 

On  the  12th,  peribntly  formed  gooaeberries  were  gatheri-*d   in  this  *)-fl 
cinity  :  and  on  thu  13th,  a  torloiso-Bbell  butterfly  wasiaiught  at  Keewidk. 
On  the  Idth,  I  find  the  following  entry  in  my  rogi«ler  : — "  The  bee*  in 
our  garden  were  thi*  day  aptiLidly  bearing  burdens,  a  eircumstanoe  pro- 

Fbobly  without  n  parallel  in  the  annals  of  the  apiarj-.  Bee*  were  al«o 
noticed  at  work  lo-dny  at  I.amplug]i.  There  aru  now  quontitie*  of 
primruae*  to   he   found  blouuiing  on  Rhetter«d  baiilM,  and   under  warm 

tiiedgervwR.     Thl«  momiuj;,  15th,  I  gathered  fifteen  healthy  fullhloom 

rfiower«  from  a  ningl"  primro»e  jiUuil.  in  one  of  the  lancn  leading  to  En- 
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^HKbt  Lake,  lewTUig  nbuut  iw  mniiv  nioro  uliich  were  not  lUlir  4>X- 
(ondad.  Bome  «f  lb*  flotvcn  had  bloomed  nnd  witliurvd,  atii  uthcn 
teemed  to  1uit«  b«M  out  for  a  trwk  or  muru.  Primrooet  x'tTv  gHtlierud 
in  LMn]iUlgb  «D  Cwidlsmw  day.  Tin-  thrusli  nnd  bkckbinl.  with  tuaay 
af  tbo  fealhend  Irilw,  may  b«  dall;  tieajrd  tuning  their  notes  in  conoorl. 
Id  iTBloaina  tlui  apprcMoh  of  on  i:arly  rpriag.  The  prcfocit^  of  the  vcgn- 
UUb  kuiK<I<iia  is  moit  r»tiiarkubla,  luid  very  •triking  (u  the  «ye.  Oraai, 
w  {lertioulitr,  liiu  en>ff&  oonilderably  of  bto,  and  Ibe  pasture*  look  more 
jgrwa  Mid  hMlthy  ihftn  ne  havo  teen  tljMu  do  in  tb«  niiddls  of  May,  in 
•OHN  cold  and  boeknard  Bearani.  Th«  older  and  woodbine,  in  ihelt«red 
(potK,  urv  nearly  in  lull  leftf.  Noar  C'uckmnouth  th«  wild  goosBbfrrry 
lMalie»  are  iii  Ii^f ;  In  tho  gaxd«u»  they  an-  in  llower,  and  in  soitie  tiiu- 
ationa  i\t»y  may  be  MW  bearing  frnil.  On  Ibo  IDih.  tba  note  of  ilio 
cadMO  wa*  diitiuotly  hoard  in  tlin  grounds  of  ^Villialn  KaohIcb,  EtK|.  of 
SandTovd  Uoiue,  Bootlu.  Liverpool.  A  Livcrpoul  genUumitc  informs  me 
that  lie  Mw  a  »waUuw  at  Algburtli  on  tli«  Sbtii  inalaut.  and  aikolber  at 
tlMiaraa  ploca  on  the  2d  of  Mnrrli.  TbaciiclciKihrturd,  and  tLc  aHallo* 
■oon  in  tho  month  of  February  I  truly,  thit  in  u  moel  eitriuirdinary  w.iEon. 
A  nientifia  friend  in  u  lettirr  dated  thv  13tli.  stales  (but  a,  thrush's  neat, 
eontaining  <gg*,  was  htoly  found  at  Ituwden,  near  Leed«. 

Jfitn'A,  allboiigh  doMer  lliun  «iither  of  the  preceding  montha,  h 
3'  RHJ  abure  tho  avomffe  tumparutiira.  Severn  tVottg  <m  tlio  nigbt*  of 
the  l»tb.  liHb.  und  3Utli ;  nUu  a  fall  of  »iuwon  tb«:jlst.  wliichco\-cred 
llii<  gtuiuid  to  ilie  avenge  dqith  of  about  4^  ini^hes. 

tin  l)io  21at,  and  abw  on  tho  'JS<1,  Ibo  cuckoo  was  distinctly  heard  in 
the  neigbbaurhcoii  ef  St  Bees,  by  an  iuliubitiiint  of  tiiat  village,  tlic  Iciu- 
peieMre  being  lower  llinn  it  lias  beon  ikl  any  p«riud  during  the  winter. 
Betirem  the  22d  luid  ^itlb,  iU  note  wili  htuid  in  various  parts  of  the 
«ounty.  On  the  ^t^th,  pear  tree  bloawmi  wni  fully  dpaixWd  in  this 
■Migbonrboed.  On  tho  night  of  the  3d,  ■  drea<lt\il  burriciuie  occiimtd  at 
Olaegow  :  and  at  9  a.  u.  of  tKe  Hh,  tb«  iknemoiacit«r  nt  the  Observatory 
indicated  a  prtftiirc  of  l.*!  lb.  en  the  square  foot,  or  I.>  lb.  more  than  the 
forat  of  the  memorable  Tth  Jonunry  l-'i'SD.  At  Whituhaven,  tim  pres- 
■i»«  oil  the  2d  was  8'li8  lb. ;  «ii  tlie  3d  and  llli  it  wm  not  noted  ;  but  by 
ftr  the  beavieat  gale  we  had  duTiTiy:  the  iimntli,  or  probahiy  through  llie 
winter,  woi  on  tbo  IGth,  nben  the  hr>riinnl4i.l  foroo  of  llic  wind  by  Lind's 
nncnioiiic<i.-r,  n-aa  ^IJ  lb.  on  tho  snuare  loot.  A  number  of  dreiidfu] 
thunder  cbarm^  occurred  in  various  purta  of  the  kingdom  between  the 
24th  and  31st,  attended  with  great  loss  uf  life. 

Afml. — Tcinpvmture  O'^IT  above  average.  On  the  10th,  the  lo  bnfter- 
Hy  brgan  to  appear.  A  swallow  was  seen  at  Itrayatone^  about  the  Sth. 
but  tlicy  did  not  goaoraUy  make  Ibcir  upjioaronee  till  the  22d.  Heard 
the  Dumenke  on  tbe  341h,  being  aCleatst  a  week  earlier  than  utiual. 

ilai/. — Mean  letnperuturo  '14  above  tbe<  uterage.  From  II  a.h.  to 
3  or  4  p.  M,  of  the  Tth.  there  wati  tlie  nioit  magniiicont  solsr  halo  I  ever 
beheld.  It  extended  over  a  space  of  49''  or  50" ;  at  lb.  46iu.,  altitude 
of  npgier  edge  74~ :  under  edge  25^ ;  the  sun  being  49"  in  oltitute.  and 
contetgueully  nesrly  in  the  ventre  of  the  ring.  The  priamntic  colour* 
were  very  difcLinrl  and  brilliant  from  11  to  S  ur  4  I'.M.)  and  loost  so  to- 
wards the  upper  or  narthem  portiim  of  the  oirele.  The  pb^nonienoo  was 
formed  through  a  thin  wil  olcifru*  whi""!!  prsvaiW  in  tlie  SW. 
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JtHM. — TtM  U  bjp  (ar  the  botleat  tnonlh  in  t)i«  iMt  ttiiR««n  yeui 
bikI  tlio  mem  tenperatum  b  protMiblj  fclgtmr  ihMt  that  of  ko;  June  on 
noord.  Th«  umn  lexaperatUN  of  th*  flrM  Iwontj-two  ita;r*  >*  CS-'OC; 
Uie  niMD  of  tlic  RiDiiiniiRi  being  7*'  M,  uid  of  thit  tntiiimitm  i^^Si. 
Th«  mean  t«in]ionlurc  of  the  month  i>  5''76i^  ibore  liie  nTsnge.  Tb? 
nwon  temperature  or  JuiHi  1843,  which  kp|mMCbei  tli»  nMUvM  loit,  «m 
",  cf  S°  uiiler  thai  uf  the  paat  month.  Th*  tbenniMDcter  fau  attuMi 
60'  ant)  upwan}*.  In  two  yoan  011I7  of  tho  la«t  ihirtMB  ;  iKt.,  tm  tk 
''90th  and  31>t  Juljr  1&34,  it  tom)  to  fif-'S :  on  the  Irt  and  3d  of  Ai«DM 
in  \hr  umu  }*Mr,  it  attained  to  81-^5;  and  on  the  12lh  September  1841. 
it  rMchud  84' .  On  two  days  of  Ihia  loemth  tlio  ttionnoiiicteT  w^  m 
aO'^ff ;  ni>4  on  tho  33d  it  rots  to  d3°  At  K<M»ick  and  CM-kennoutli  H 
attained  to  S6  ;  and  at  Oarliide  tu  67'.  Notvithitondinff  the  oereritf 
th«  heat  and  drought,  the  ntineepbew  ha*  hy  no  aicana  b«Mni  r^unarll- 
i|e  in  point  of  hjr^Muopic  drjiiMi  1  th«  oo«p]«m«at  of  llie  dew-point 
Ing  only  -92,  or  barely  1",  above  tlia  aTOrage  of  the  bit  ttm*  jwn. 
Tho  ovapomtioo,  whidi  mt  Kreatly  retarded  by  the  notienloM  atate  of 
the  uir,  ia  'J-j33  iiich«  above  tlie  uitaa  qiuinlity.  Mad  a  briik  hiwM 
accompanied  tho  bent,  tlie  einporalion  would  hava  been  t-iKinnovi. 
Coplona  dewi  won  di!po*tlcid  at  nifjht.  durini^  the  lint  fortnight  Id  tb 
nuMth. 

July. — The  mean  b  I'^^OSQ  abore  the  average,  and  the  qtuutift-  «f 
rain  in  the  grealvat  we  hnve  had  In  any  month  linoo  January  IdSi.  Hw 
evaporation  i*  OOS,  or  1  inch  ntarlj ,  under  tii«  uumui. 

On  tho  aft«m>Kui  of  tho  Kth  lut..  this  Munly  waa  visited  by  a  bMV; 
thunder  (tone,  nocoiupiuiioii  with  haililuucs  of  an  almoM  tueredible  tin. 
At  CluatoT  Mime  of  the  haililonue  meuiu«d  gth  of  an  iii«h  is  dtnmctor. 
«r  2  inchet  round,  nearly  ten  minutea  after  tfaoy  had  fallen.  At  Divting 
ton  and  Gilgarron  Mma  of  lh«m  wvre  3  iaehee  ia  drcnmferen<e.  la 
Lamptugh.  manj'  of  the  haiUtonc*  were  ua  terge  a*  on  ordinal^  plsnb. 
and,  on  exainination,  wltb  found  to  be  inT««t4Ml  with  a  thin  eovcrinff  of 
mow,  but  within  ww  a  pic-ee  of  Il-u,  harC  and  nlear  a«  crj'rial.  In  Bae- 
Mutliwaite  Qie  haUitone*  are  deeeiibed  aathc  nxcof  ano^inaijpigeWi 
«gg,  itnd  many  of  them  not  low  than  3  or  4  incho*  in  oirounferenoe. 
Mr  lloTvey  of  the  I'huiuont  Inn,  Feel  Wykc,  hod  no  lo*>  than  W 
•quores  of  glass  brukcn  in  the  windon-i  of  hb  house.  When  it  i*  eon- 
aideied  that  the  akv  wiu  ovorLiut  with  clouds  ttam  an  eajlj  hour  ia  the 
monitng,  1  took  ujion  Uiic  a»  by  1^  the  hottest  day  which  has  oootured 
wilhSn  my  ivcolleclinn.  Tho  maximum  here  was  B4%  but  had  the  alm»- 
■phcre  been  bright  imd  olvoi.  1  quitu  think  the  thermometer  would  tiBTie 
altainud  to  W\  At  1  p.h.  the  thenuometer  stood  at  H4'.  and  at  S  rM. 
at  63  ,  ll>e  tempcraliire  having  fnllcji  31'^  in  four  hoars.  The  fall  ef 
rain  betm^en  3  r.ii.  of  the  .tth.  and  2  r.M.  of  the  Cth,  was  S-ft79  inciial. 
A  moet  extensive  and  dustruotire  thunder  atorm  aeeurredon  the  Atfa  July 
1S4S,  and  therv  we're  eiiraonlinaij  mevamentt  «f  the  sea  at  Pmiuuite, 
on  both  oocaeions.  Anoth^  awfal  *torm  oetrarred  on  the  Sflth.  I'he 
fUlof  rain  in  twenty-four  houn  at  Whit^liavon,  won  upwards  of  2  Inchet. 
The  floodt  in  Ltuuplugh  and  Ennurdalc  wen  graater  than  any  rBinani- 
bered  by  the  oldoit  residents. 

Augtiti. — This  Is  the  warmest  August  in  the  last  thirteen  years,  awl 
its  nsen  tempentDre  eicoodii  ihp  uvcirs^c  of  thin  perio'l  by  S-  63.     The 
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i-TapoFktiMi  exceed*  lli«  arernge  hj  '8A0.  W«  linvn  bcRti  favoumd  wltli 
ont!  of  tb«  oarliMt  and  abortost  barveitR  ud  record.  Beapittf-  tonuocnuod 
in  IhE*  niiighbmirhood  about  th«  3d.  and  by  tbe  vloao  ul'  tli«  iiiuiith,  Ibv 
crop*  w«Te  tufijlyunfler cover.  Even  in  t lie  liftck ward  moiintniii  dirtrioU. 
must  famKin  luid  Mcurod  their  grain  b«foni  llio  middln  of  t!c]>U!iiib«T. 
Tbe  whettt  civp  U  nbiuiduit.  und  i>i  excellent  qtuUily :  but  onts  and  bar- 
lej  WW  both  ilcficient.  On  Ihi*  Itt.  tbe  metropolis  wiu  visited  bv  one 
of  tbe  BKWt  tmuendou*  and  desiruuUve  ■torm*  of  lliundor  and  ligbtning 
on  PMOid  in  thi*  country.  (For  yiirW'rti(nr«,  »««  iltuitraud  I.ond«n 
Sew.) 

&||I(innb#r.— Mean  tcmpcmtur*  3■'^^7  ubove  the  average ;  evaporation 
*47  under  tb«  avenge.  In  wiLs«i)u«no<>  of  the  defioieiK.7  in  ibeoat  crop, 
raUDWl  U  now  wUing  M  2a.  8d.  per  dlone.  tho  price  of  tlie  beet  llonr. 
Applca  and  pears  are  both  deficient  in  iiuantit^,  probubly  owing  to  the 
prwociouf  appenrance  of  the  blossom,  which  was  partially  blighted  by  n 
lew  sliarp  t'n<)ty  ui^'hts  in  Morcii.  Many  fruit  tre^s  lilossumeil  a  «econd 
tlnM  in  this  niiintli,  and  Ihi're  an:  siimi*  inBlanoeB  of  tlieir  benring  a  so- 
eoind  cmp  of  finiit.  BwaIIowg  disappeared  much  earlier  thui  uauol,  whicli 
it  axtraordiDarj,  considering  the  mildnesa  i>f  the  seuou.  I  did  not  ob- 
•erre  any  in  tlii>  ndghbuurhood  al^erlhe  18th.  The  muguilioeint  inoteor 
*aea  at  London  and  Canibridg«  on  tbe  evmiiig  of  the  Sotb,  was  also 
witnecaed  in  the  eatt  of  this  county, 

OctiAitr, — Mean  lempornturc  1'"'30  above  the  aTorage;  tbe  emporn- 
liOB  la  0'41  inch,  and  the  compliMnent  of  tho  dew-i>uint  is  0'°46  under 
1L»  avCTnge.  The  quantity  of  ruin  is  tbe  grofttest  which  has  fiilleu  in 
tuj  one  month,  eicept  July  last,  since  January  1B;14. 

Kovenibrr. — Mean  temperature  l-°405  ubove  tbe  average.  On  tlw 
2SUi,  w«  iiad  a  elight  fall  uf  inow  which  yielded  -034  of  water.  Dar- 
ing a  hwivy  gale  on  llie  20th,  tbe  baromt-ter  full  (fOT  in  seventeen 
houn,  and  rose  '48  in  the  succeeding  eeven  lionr^,  making  a  fluctiiatii^u 
of  l'4a  in  twenty-four  conseeutive  hours.  On  the  30th,  a  swallow  was 
aoea  om  the  wing  at  Portooi,  It  has  been  observed  daily  by  ihe  inhabi- 
taala.  for  some  time  past,  so  that  it  ha£  probably  tak^n  up  its  abode  in 
that  vicinity  fur  the  winter.  On  the  ath,  saw  a  imull  brown  butterfly 
in  Lam [il ugh. 

Dteetiihcr. — Fnjet  »et  in  on  the  night  of  the  27th  of  November,  and 
it  oontinncd  with  alight  inlermisjions  till  near  tlie  dose  of  the  year. 
The  niean  liuupenLtnrc  of  Deuember  is  6°'03  under  the  average,  and  it 
is  the  only  month  in  1846  which  has  not  exceeded  its  moan  heat.  It  is 
th«  ooldcfet  December  1  have  roeorded,  except  in  1844,  which  bad  a 
aicon  temperature  only  0'81  above  the  freezing  point  ef  water,  being 
2'*70  under  the  past  month.  Tbe  evaporation  during  the  severe  Iroet 
from  tbe  I'.'th  to  the  16th.  is  remarkably  great:  tbe  average  loss  from 
the  solid  mass  of  ice  in  the  gauge,  is  •(i'li  inch  per  diem,  or  more  than 
double  tbe  average  dnUy  quantity  for  the  whole  month.  A  brisk  breexe 
IMvaiicd  during  the  jieriod. 

I  do  not  reiuember  any  winter  in  which  1  have  seen  such  mulliludea 
uf  meteors  and  fnlling  star«.  as  in  the  jirnsent.  From  the  I7th  of  Oc- 
tober to  the  17th  December,  tliey  apjieared  in  great  numbers  ahnoit 
DT«ry  cloar  night.  Home  were  m  large  as  the  planet  Jupiter,  and  siwh 
was  tlicir  brightiiees,  that  for  a  second  or  so   tlit-y  illiiii.itnitc'l   the  whole 
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iky.     Tfatt  tmok*  of  inaii/  uiglit  be  followed  hy  inuM  o(  bluutb  U^l 
(•nding  tbr  Mse  dUtaso*  b«hiiiil  tb«m ;  oflien  sxMtijr  RMublvd 
in  aitiwwnuM*.  and  vsptoded  iii  a  ihanorof  brilLiutt  MUtUIUtiuM. 
Dioat  riMunrkabU)  uf  Iho  meteor*  vcrc  ohwrred  between  tbo  ITlU 
XBth  ot'OotuboT,  und  on  tbc  10th,  Utb,  and  12lli  of  NowmUir, 

TIm  eppptoiva  heat  of  Uio  aiuiimor  of  ]^4<I  tiill  long  b«  muembtnJ 
Th«in«ui  umpvraturoofJiuio,  July,  and  August,  U3'°49aboTatlMiaTV 
aga,  and  ia  A-°37  aboTO  the  oonvcpcmdinK  qnwter  is  l$4.t.  Bai.  to 
DOD*eBiMiae  of  conparUoii  with  the  UejpitrBr-GcticrBri  report  uu  the 
mortality,  we  have  laade  ihe  (uiniiier  quarter  to  end  with  Septtttato, 
which  rodrnw*  tlio^iOMi  of  bout  to  :j''U6,  or  3-'  nearlj.  Tliis  lumala- 
raUj  high  tompoTDtuto  has  apparaatljr  had  an  iBJuriiHW  vflVict  od  Uie 
lieaJib,  botli  of  the  aiiiiiiiil  and  rr^ablo  kingdoow.  The  number  of 
deaths  in  the  suuiiii*r  ipiurt^'r  { Jutiis  SOih  Ui  September  3>Jlbj  of  the  W 
eight  year*,  in  lhi«  (own,  and  in  the  whole  union,  are  as  follow:— 
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Henoo,  thii  dcatbn  occurring  in  Whitt^huven  nl<mn,  in  the  unninier  quM- 
tw  of  1616,  exceed  the  avcrii!;ii  of  thu  pTvct'ding  >er«i  yean  by  140, 1 
U3S  per  milt.  :  tliey  are  n«iiirlj'  four-fuM  the  numimr  in  li^45,  and  exBtf' 
live-fuld  thenimihcrtn  1(^40.  It  is  only  fair,  how L■vl^^,  lontate.  thMaol 
OK  Whilehftvon  is  oonslderod  ^ ri"  »f,  a  Luge  proportion  of  tlie  d*«lh»  woie 
thoK  of  children  who  were  curried  off  hj  loenslcs.  which  mode  tt«  appMr- 
unue  (u  tm  epidemii;  during  this  period.  If,  tliiirafon!,  wc  lolui  in  the 
whoto  Union,  cunijirlHiiig  twenty' -three  diatrictc.  il  will  jierhnpii  nHbnl  t 
more  eiT^-'i'-t  enin]iari8on.  The  avurug<?  nuintit'r  of  deftlh*  in  the  quarttr 
for  wriui  yeuTt.  is  13^,  und  the  greatest  iiuiub«r  is  in  I  SI?,  v'lt ,  1 '■0 ; 
but  in  154<i.  the  dcullie  arc  352,  chewing  nii  )iicr$a*«  of  more  than  ISO 
piir  i^ent,  over  the  av(?rag>-  I'he  murlolity  thn)U|.:tiuul  the  kin^iium  in 
tlie  I umtuer  quarter,  wm  ilri-nd  fully  great  i  51^30  duutb*  were  rvgi-itertd, 
n  number  greater  by  1,1,2L'7  thnii  in  the  corresjioiidina  quarl«r  of  lS*Ji 
and  11,S9S  more  than  in' any  September  quarter  ilncc  tha  rc)(i(tn  wu 
eomgieneed  in  1338.  We  may  rtudlly  ounceive  bow,  in  a  lununcT  likf 
the  paal,  marked  b^-  ext'^sive  heal,  and  a  danip  and  atuguant  oonditiuc 
of  the  Btraosiiljtn-,  and  con  aequo  iitly  favouring  the  rapid  defunn>ooitiou  of 
all  kinds  of  animal  matter,  ihoee  dii^anauB  referable  to  an  tni[iure  alnio- 
Bphere,  as  typhoid  fever.  &c  ,  should  exhibit  an  alarming  incroaic  ;  whilat 
cholera,  diarrhoia.  and  other  iuteetitial  complaints,  may  hare  been  fa- 
voured by  a  diet  chiefly  vegetable,  and  by  prul'use  per»plrati«ui  «uddeiuy 
checked. 

TIac  pLitatu  diaitiuie  had  made  iti  uppcaranec  generally  throughout  the 
kingduui  by  the  end  of  July.    In  Ibo  report  ft.r  la«t  year,  wo  cnd'!aivunJ_ 
to  ebew  tliat  it  could  liavi-  little  or  no  uonucution  with  otwuapbeiio  i 
llaritipN.  and  we  have  rdou  nothing  ubice  which  haa  indwed  us  to  alU 
that  opinion. 

Si'Vi-ral  (trajige  birda  and  inweU  wne  ohHerrod  thi*  tiininier,  lauj 
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.J  \itnTX  ullur«d  frum  otter  ulimvn  b;^  8il  instinctive  ««iii>»  of  thu 
nuituiil  wkTinth  of  the  aeMOU  in  higher  latlluH^ti.  Small  (tights  uf  b- 
Ittla  vsaAt  their  k|>ponriuic«  in  Bome  njimtlc*.  snd  a  few  Bpccinii'iiB  wow 
vanA  in  Cuiubcrlniid.  Tho  nightlnRulD  i>  ■■u<l  to  huvu  Iweu  ht^utJ  in 
Ilia  vinicity. 

Jltfyromeirr. — An  itMiNCtiori  of  the  ann«ied  tabid  will  than  the  h;- 
im>w>iii«  condition  of  th«  atmot^hera  in  1846,  as  compared  with  the  four 
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ftTbo  driest  day  in  1846  was  the  22.i  uf  June.  At  9  a.m.  the  interior 
Innuiueicr  of  Daniell's  bygromeler  was  dejirossed  lo  45".  or  26-"5  be- 
»  the  (empcriiture  of  the  nir,  without  obtaining  any  deposition  on  the 
dark  ball  ;  at  5  i-.u.  the  dew-point  waa  63\  having  risE^  1S^\  at  leatt, 
altioo  morning.  Thne  was  nmch  thunder,  lightning,  and  rain,  between 
Ore  and  haif-pu«l  six  the  same  evening,  and  on  the  following  morning 
nciirl}-  an  inab  ofrain  was  meaaured.  Thia  aiidden  change,  after  a  drought 
uf  four  weeks,  oonfirtnB  the  observation  of  some  mottorologists,  that  an 
uxtmnvtj- dry  statu  of  th«stmoeph(-io  is  iomoliiiies  ruUowcl  l>y  rain  within 
a  Ifew  hoirn.  Tho  evajiomlion  indiuated  by  llio  guage,  is  within  oiie- 
tmth  of  an  ineh  of  tho  luunlity  in  the  previous  year,  and  throe  quarter* 
of  an  inch  more  than  in  l-J*!,  The  year  1S46  haa  beun  the  dampoit 
Labile  but  live  yean. 
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TIiQ  lUreot  efl'«nt  of  torreitriul  radiant  beat  is  detennuied  hy  Mpoiiiiil 
a  dolioBtct  niilKid  ttiermomoter  on  a  gra!«-|>Iot,  and  comparing  iu  mini. 
mum  widi  that  of  a  Sii's  thv-nnomelCT  at  four  fo&t  above  the  gpaund. 
Tb«  dift'crunott  is  tlie  amount  or  efleot  of  the  radiation. 

The  firaC  part  of  the  above  table  noeii  no  explanation.  Tbe  flfil 
column  under  the  head  "  Radiation,"  shews  tbe  grtatett  diBktenea  !*■ 
tween  the  mtniiiia  of  the  nokod  and  Btasdord  thermometer,  under  the  «»• 
diliuna  above  described:  the  Beoonil  coLimm  iudlualea  the  daj-  of  ths 
month  on  which  it  oocurred  ;  the  next  gives  the  Ifatt  ditTemico  during 
the  month  :  nnd  the  hut  exhibits  the  mean  radiation,  or  stun  of  »U  tb 
nightly  diSerencea  during  the  month,  divided  by  their  utUDbor.  Tbiu. 
the  oiiked  thGnnomoler  in  1846,  one  night  with  aiiotliur  throughout  thi 
year.  ha«  fallen  7^  degrees  lower  than  Ihe  ttandard  th«nQomeI«c  St  font 
feel. 

The  naked  thermainetBi  i»  generaltjr  exposed  on  n  flat  pi«oo  of 
about  an  inch  in  thickness,  but  in  clear  and  settled  weather  tt  u  pi 
iu  a  wicker^  basket  (!oiilaIntn^  a  layer  of  raw  wool.     Underaclww 
the  dtlferc'ii  .e  belweuii  u  thermometer  on  eork  and  one  on  wool,  in  al 
a^-a  in  favour  of  th«  latter  ;  but  !n  eloudy  and  windy  WMtber,  Uie  in 
cations  of  both  arc  ver;  nearly  the  »ame. 

The  naked  Ihormomoler  ha«  boen  below  32'  in  urtirj  month  of  1 
eioept  June  and  Aiigunt.     In  June  it  fell  to  within  1*^5.  »nd  in  At];[«ui  to 
within  3'  of  die  freeiiug  point. 
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Tbe  mnxiniDm  af  Terreetrio)  Kadiiition  in  tB4€,  is  X7'''5  ;  in  the  hike 
aUuictH  it  amotmte  to  23'. 


Aain.— The  cjuiintity  or  rain  i*  withia  the  7-iO(Hh  of  an  inch  of  the 
kU  in  1645.  The  total  qiuuitity  in  1H46.  U  49134  inchca,  of  wliSch 
l7  iaolte*  felt  in  Julj-  and  OcUiber.  The  <|uvititj'  mciuiirad  nn>ni  thg 
pU  of  St  Jntiies'  Church,  ys  I'eet  abov?  the  stpeel.  is  35-4ia  inchc«, 
'  2  iachoB  mor«  than  iu  the  previous  yeu.  The  fall  ut  Cieator,  near 
Vbit«haven,  is  .5.VI6.  ur  2'16  inuliea  more  thuii  in  1845.  and  (I  incheii 
DOtv  than  at  this  place.  The  fall  cf  nuu  in  tli»<  Ursl  six  monthi  of  the 
fear  wo*  greatly  holow  the  average  ;  on  no  one  day  ilid  the  quaulity 
Dt  to  an  inch  in  depth.  In  the  la£t  tix  month*  them  have  boeu 
I  imji  in  which  the  fall  wm  bBtween  1  and  2  inoh^B ;  and  two  dnyg 
Dtfa  in  Jul;>)  between  2  aad  S  inchas.  T]ie  wet  da^s  «x«eed  thoce  nf 
1845.  by  7- 

Summary  of  Wind*,  — North,  33J  days;  N.B.,  32J  day*;  Eb«,  20 
t^-.SJi  ,  40i  day«;  South,  73  days;  S.W.,  04  days;  Weit,  SSdaj-*; 
J.W.,  30J  days  :  ralm,  13J  days.  The  prevailing  winds  in  184«  h«T#^ 
0  iMiHkl,  been  South  and  &W. 

Th«  (bllnwing  table  will  shew  the  unasoal  prevalence  of  oalnit  and 
ight  winds  in  the  pojt  j-ear : — 
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In  Jannory  there  were  16  days  of  i^alm  and  light  winds  ;  in  ApHI,  23 ; 
In  May.  20  ;  in  June,  18  ;  in  August,  18  ;  in  September,  '^2;  and  in 
DeoeinibHr,  19  such  days ;  the  runiuining  days  in  these  montht  |)rincipaUj 
taming  under  the  head  of  "  moderate  breete." 

Linii't  ATu^ni^mfU-r.  — The  heaviest  galea  of  wind  in  the  past  year,  u 
Sndk«l«d  by  tbii  instrument,  were,  on  Junuaty  19th,  IH  lb.;  Fcbruarf 
fch,  20?  lb. :  and  Mardi  16th,  21i  ib — horixoutal  force  on  the  squaw 
The  anomoinolef  has  not,  however,  been  regularly  used,  and  it  is 
kble  thorc  ninj  have  been  one  or  tn-o  gnli»  in  1846,  which  havo 
irhat  exceeded  the  nmiimuin  force  reroriled. 

The  following  table  eihibits  a  aummary  of  the  weather  in  1^4(i,  U 
compared  with  Uie  four  preceding  years : — 
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In  lH4ti.  lh<Tv  bnvK  hei-H  suven  niMiwy  dajrs,  fire  ofwhioh  wore  in 
vcmbcr  und  Di-coiubur  ;  tvf«i|Te  <l»y«  uf  b»il,  oae  of  which  vrai  in  Ji 
nnd  tivo  in  tFul/  ;  tliirly  niifht*  of  fmt,  of  irhlnli  twrnly-ono  ntjrt:  in  Dt- 
«Oinb»r ;  und  Ihirty-tin  day*  of  ihund«r  nnd  lightninfi :  uid,  vrhnt  is  ibmi 
i«niu-kali1f,  1  tiuve  only  romrdod  one  •{ip««runae  of  lifdituing.  whkfc  m 
not  folloiveii  by  ihunder,  ntDrs  or  leM  ditUnt. 

Tbera  hnvv  bucu  uue  Bulor,  and  eight  lunar  halo*,  and  throe  »]^wlf- 
aiicaa  nf  the  auiuRi  burL-iiliii. 

On  tho«veuingorSe<|<tt'ml>ir  SOlh.  uboul  7'3iJ'''-,  a  magnifioent  auroial 
nruh  wu  noticed  hero.  Itt  tirtutdlli  nu  About  that  of  h  rainbow,  nttd  II 
i-xlended  from  K.N'.li.  tu  W.S.W.,  to  the  vUible  horiiwi  at  boUi  eit»»- 
mities.  ICitiiuatcd  nltiludu  uf  centre  about  7U\  It  rotnainod  viiibk 
nourly  half  an  hour.  From  II  f.x.,  to  1  a.u..  there  wiw  &  lowkrehlif 
white  light  citpn-liiig  from  N.  to  W.,  fwm  the  u|)pM  edg«  flf  wliiah 
brilliant  ttrcjuiKtrs  were  ilirown  off'.  A  darlt  haw,  resembling  lUi 
mingled  with  the  aucorul  I'^ht.  nnd  presented  u  nio»t  cariouK  snil  Into'' 
(stinK  (pvctoclc,  oud  a  form  of  the  aurora  celdoin  «ccn  but  in  high 
nortbora  latitudes.  Thin  iiliononiutioii  wa«  veea  (a  gT«at  Vflcndour 
Diuhoni,  und  at  Comrie,  at  Perthshire. 

To  cum  up  the  peculiarities  of  1846  in  ■  few  word* ;  the  •anim«r  if' 
mcmnrabtu  I'ur  Ite  eioeMivd  boat,  ila  unprecedanted  mortality,  and  tht 
unUHUul  number  and  Tiolcmio  of  its  tliunder  stonns: — the  wholi;  year  !l 
■iiarkcid  hy  iho  high  temperature,  dainpni^ts,  and  iitagnant  uondiliun  o' 
the  atmospbure.* 

J.  F.  Mii.bn. 

WulTRHAVKM,  HtctwAtr  31,  t84G. 


<  The  mean  t<^iii|iernl'ii'»  of  Ilia  lul  quarter  of  11941]  (Srpt.  30  to  ])«o.31X|J 
1*115  uuder  ihe  iiv«riig».     The  t>nino»Uir»  woulil  hav*  beta  akx  ttaai 
l«{«,battbrtheunD*Mlcidda<muf  lliwsanbar.  The  martali^  during  IbkC 
(«r  is.  Bg^n,  *«ry  grtal ;  in  ihia  lomi,  tb«  dwtbt  arc  160  per  mbI— « 
ttiu  wholp  t'nioii,  they  are  130  per  c«nt.  above  the  avorags  of  the  pre 
eeianjiear^. 

AcDunlliig  (o  the  IlagiBtrur-Oeneral'n  rftitrnn.  tli*  iIsiiIIih  Ihroughont 
kinyiWin.  iu  the  last  quarter,  am  7,31 1  mure  thin  llip  corropi»il  qunnorlv  av 
rags  of  |ir»vioua  yaara,  and  I3.T2T  ciicirv  than  wan  rcturufltl  In  tlie  I'Drmtpon 
log  tBaaon  of  lti4&. 
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Jitter  from  ProfifSior  Jounstos,  ineioiinp  ont  from  Pi-ofeiisor 
MrLDEit  of  Uireekt. 

TV  /A«  EttUor  fif  the  Etlinburgh  t'Ai/oitofiAicaJ  Journal. 

EntxncKan.  SAd  ifanh  1847. 
Mif  Dbar  Siu, — You  will  ob1ig:e  me  by  insertinj?,  in  your 
finsiiitig  Number,  the  ene1oH«d  translatiou  of  a  letter  1  liiivu 
Tec«ive<t  from  ProfesHor  Mulder  of  Utreuht.  The  protein 
fiompoundfl.  nt  the  ))ivH«nt  momont'.  nre  of  much  ioterest 
among  chemiHts ;  and  it  is  of  importiuico  thnt  parties  who 
have  not  closely  attended  to  ihe  matter,  should  be  made 
aware  of  the  precise  point  in  dispute  between  Mulder  and 
Uebig,  and  of  the  exact  statu  of  our  knowledgu  upoit  the 
tnbject.  In  this  letter,  Mulder  ban  not  given  any  nf  his  new 
rewurchcs.  which  have  already,  as  he  informs  me,  made  hfm 
ACqunintt-d  with  mnny  new  factt;.  The  views  he  advance!*,  how- 
•Ter,  are  novel,  and,  »a  far,  as  satiafaotory  as  tliey  are  beau- 
tlTal.  I  am  confident  that,  tvliatever  the  truth  nmy  prove 
to  be  in  this  matter,  Mulder  will  publish  it;  and  that  no 
(ear  of  personal  conttequeDcea  will  ever  cause  him  to  deviate 
from  thot  sincere  path,  by  which  alone  the  investigatJon  of 
natural  ai^tcnce  ciui  be  BucceMsfully  prosecuted. — Believe  me, 
my  dear  Sir,  youra  very  sincerely, 

James  V.  W.  JonifHTOS. 

My  Uear  Fbiem).— Voo  will  jnobubly  havy  rcoil  in  the  "  An- 
nalen  dor  Chettiis  iiiiil  PhaniuLcie"  for  January  1847.  tliaC  Liebig 
now  nndi'uvoure ,  in  n  covt>it  wav,  to  adulier^ti.'  pi'otein  with  sul- 
phur iii»d*r  iinofbcr  foi'm  thnn  tlint  in  which  lie  originally  slated  it 
to  exisi-  The  (juestion  was  Rmi, — and  this  is  ihc  true  stale  of  the 
subject, — -Can  ulbuniun,  fSbriTi,  &c.,  when  tri?ated  uith  |>uifv-h  and 
acetic  avid,  yield  a  pi'ccipitotc  wliicli  neither  (Jiscolgurn  xilver  when 
heated  upon  it  with  potash,  nor  produ':es  snlphuret  uf  load  when 
hoatfrd  in  a  solutian  of  acetate  of  lead  I  Ltebig  hu  denied  tbts 
(Ann.,  Jan.  1646),  and  Lnslcowiikl  liVewise.  According  to  him,  the 
iidditionnl  application  of  oxide  of  bismuth  or  silver  wna  required  for 
iJil.i  purpose  (yinn.,  Mar.  1846.)  I  bad  asserted,  that  the  latter 
ir&a  unnecoftary,  and  that  thi-  reaction  of  the  sulphur  upon  Ailver 
miiM  bo  umdi!^  to  disappenr  by  the  use  of  potash  nlono. 

This  point  demands  an  open  poblicnlioo.  and  not  ono  gi»cn  iu  an 
obsoore  and  involvrwl  inannur.  Whether  Liebig,  or  *oine  one  el»o, 
ban  hfeu  mi^tiikcii,  liu«  nuthhig  at  all  to  do  wiili  truth  or  its  piibb- 
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l^Utrfrom  Profe—or  Mtttder. 


MtlMi.  TIm  qiii»liiui  i»  Himplj,  Wh&l  is  the  tfutli  ?  wd  tli*  aMw 
Co  tbis  U:  "  Albumen,  Abrin,  oaooiii.  to^  can  bo  fnwd  frotn  Kulphur 
bv  uoUuih  klone  ;  that  in,  tlicj  mn  be  depnvod  of  thalreactLoo  wbith 
we  in  <eiencotli)>tinguitti  aaaluir»cc«ri8t!c  of  tbe  presence  of  wlpliar." 
Sulphurat  uf  oloiura  we  cftll  deinlphurettod,  wIk-ii  it  jiolila  no  longK 
a  bliwk  preoipiUU  with  Me(at«  of  load.  Wtuin  it  in  toUU/  oso- 
roried  into  g^pnim,  wo  JitiU  call  it  dttalpJiurttud  (outiwaveld),  al- 
tliough  WQ  lind  ill  it  sulphuric  acid. 

Leibig  lias,  in  a  covert  manner,  hj  a  pla;  of  words,  hJiKW  and 
mutilatiid  the  original  sulphur  qucatioit.  It  is  Ime,  that  I  taT« 
st«t«<i  in  my  liuil  «xpefimeuts,  iJiikt  protein,  when  burned  with  ttitn^ 
jifflds  no  sulphuric  arid,  or  only  Lracett  of  it,  but  tlw  lru«  itt«ie  of 
th«  sulphur  ^ueition  is  lhi» :  Dous  tbe  nMctioii  on  silver  or  on  seetate 
of  Iciul  itixappcar  i 

I  niuxt  draw  jour  attention  to  this,  boeaute  it  is  of  importance  for 
the  Mkke  of  Rcianco.  And  it  is  of  iinportance  for  science,  because  tU 
only  object  is  ti-ulh,  and  not  to  •tL>cide,  who  i>  right  or  wrong. 

As  I  am  disgusted  with  thin  mutilation,  I  would  realljr  Iiare  do* 
clinod  taking  up  the  peu  to  espotia  it,  had  not  the  obaervation,  that 
protein,  on  being  burned  with  nitre,  produces  a  weaghable  ^uantlt/ 
of  iulpfauric  acid,  again  forncJ  taj  atiwtion  upon  iho  <»tir«  protean 
question. 

I  can  mention  to  you,  as  the  result  of  my  investigations,  that  tls 
sulphur  oxiits  in  albumen,  hurse  a,nd  cuw  lioofs,  &c,,  in  the  state  of 
sulphuret  uf  amid  (S,  N  W)  ;  that  prnt^in  from  albumen  contain! 
rariable  traces  of  hyposulpharous  acid,  S'  CH,  in  wetgliablequantitiM; 
that  this  hyposulpburous  acid  is  a  product  of  the  decompcMtion  of 
two  c(]uivaleuta  of  sulphuret  of  amid  2  (S,  N  H^,  which,  by  the  ie- 
fluence  of  alkali  and  two  oquirnlonts  of  wnler  (2  H  O},  produce  an 
oquiTalnnt  el'  hypusulphurous  acid,  and  two  equivalents  of  amnionii 
(S-  O-  and  2  N  11')  ;  that,  therefore,  protoin  yields  vaiiable  qusu- 
Uties  of  hypohiilphuroui  aaii,  aud  conaoquLtitlj'  ooutaius  iJie  sulphur 
under  a  form  wliich  has  ii<jtbing  in  coniinou  with  tliut  m  which  it 
origiuttUy  existed; — that  cow- horns  and  fibrin  consist  of  Rulphuret 
of  aniid  (S,  N  11')  with  a  body  dilTcring  from  protein  only  in  tho 
proportion  of  onygt-ii ; — lliat  protein  ('mm  fibrin  contains  only  1  per 
cent,  of  hypos ulphurous  acid,  being  a  quantity  which,  in  tbe  ullimaU 
analysis,  ban  no  perceptible  iiilluunuo  un  the  giroportions  of  carbon, 
hydrogen,  and  oxygon  ;-— that  the  quantity  of  hyposulphurous  add 
in  protdn  frum  albumi-n  may  Hko  to  2'6(l  per  cent.,  but  is  notj 
atant ;  that  this  quantity  may  arbitrarily  bo  diminished  or  inor 
but. — and  here  I  beg  to  correct  a  mistake,  nhich  1  committed  i 
last  osporiraont)^,  and  which  I  therefore  dearly  and  distinctly  ac- 
knowludge, — that  liitlierto  I  have  heeii  equally  unable  to  remove 
from  protein  the  last  traces  of  hyposulphurous  acid,  as  to  sepanM 
from  it  the  last  traces  of  incombustible  Bubstances. 

Biitdnestliii^  Imply  that  protein, — protein  free^rom  <u'|>Aur',- 


i 
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tfatoneo  T     Od  thb  esmir^Tj,  tt  tiu  now  b^ri  proved  to  exiat  in 
BMt  positive  niiuiner.     I  bopo  bo  intytiluk'  *  renewed  jnrBHtign- 
on  of  thU  substsnco,  in  which  I  take  an  iiicron*ing  intorott. 
But  jou  niny  tuk  whni  has  become  of  its  composition  X     Is  it  u 
stated  hj  LankowKki !     This  baa  been  contradicted  by  Pleittnsnn. 
I  th«  two  re8ult§  were  : — 

Lul(owakl«.  Flcltm&nn. 

0     JS4-6  M-1         Sd-8 

H      6-0  7-1  7-3 

N    23-9  lS-9         18'S 

wiw,  therefore,  luoording  to  this  unnlysie  of  Floitmann,  not  far 
firom  llie  truth,  when  I  Btated  the  conipofiitiaii  of  protoin  containing? 
tuiphvr  to  be : — 

C     437  58-7 

H      7-0  7-1 

N     l£-0  lfi-« 


ran  HCe  tlint  Lnskowski's  esprriniental  nnnljuiii  vioa  (ui  unHucCBSS- 
ful  one.  Bui  is  F lei tm ami's  rt-sult  correct !  I  will  she*  you,  in 
tay  memoir,  which  i  iioon  hope  to  publifrli,  ihat  his  deter  mi  nation  of 
nitrogen  hat  been  too  high.  Protein,  coiitiiining  a,  quantity  of  hypo- 
suIpburouE  auid,  corrosponJing  to  1-4  por  cent,  of  sulphur,  existing 
■It  thai  of  Floitmaun,  ought  to  vield  only  14*4  per  cent,  of  nitrogen. 
Now  if  you  reduce  this  protein  by  deducting  the  sulphur  na  hypo- 
sulphurouji  acid,  you  have ; — 

Deiluciing  the  tulyhur  w 
By  nnnlytU.  b<rp(Mulplinrioiia  Bcl(l^— 

C       fl3-7  S3-7  fl4-B 

H       7-0  7-0  7-1 

N      14-t  l*-*         14-7 

0      23 -.I  SS-9         33-3 

S         1-4 


1(10- 


980       100- 


Again,  ftlbunien  itsolf  produced  [Phyii.  Ch«m.,  p.  32G):* — 


C  =  76-44  C  =  7fil2 

C  (54-4S)  S3-8 

H  7-0 

N  IS'? 

0  S3-9 

8  1-4 


Ucductlnj;  thv  tul]>liur&R  nal- 
I.hurutofsmiilS,  N  li*  :— 

536        sa-i 


lOO-O 


6-9 
14-5 

22-3 


97-8 


7-0 
14-9 
33-0 


lOfrO 


■  These  reforenau  an  loUie  Dutch  edition  oThii  VKmMiTi  of  Vrgtiabtnmd 
Animal  PtiunBUyij  ,-  but  iii-  I  hnve  nciI  t1ic<  DuU'li  edittun  itl  band,  I  voiinat  easily 
■  to  the  proper  pagen  la  the  li^nglUh  ectuion. 
)L.  XLII.  NO.  LXXXIV. — APRIL  1847.  2  &. 


see 
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You  will  soe  th&t.  wfaen  <r«  subtract  from  dia  above  proesin  an 
equiralent  of  li^r^iosulphuroiu  arid,  and  from  a1bain«n  an  equiT&lent 
of  Bulpliurot  orttiDKl,  tho  Mine  bo(l<r  U  lufl. 

I  am  nblo  to  a«ldiico  much  mom  dMJ.-iivd  inatAnuM  of  tlic  rVBlit; 
of  the  oxUt^uce  of  tlia  eompeaDd  8  N  H*  {sulphuret  of  amid^,  in 
these  bodies.    Cow-hoofa,  for  iiutance,  gave  iphy*.  CA«m.,  p.  564J :- 


Dtdudini'  the  Bulpbvr,  ai 

C  =  76-44 

C  =  7512 

S,  1?  U'  :_ 

C       (Sl-1) 

SOS 

80»          M-3 

H 

«-e 

e-3           6-9 

V 

17-3 

13-3         14-7 

0 

SI-1 

Jll         23-2 

8 

4-fl 

100-0 


90-8       IQO-O 


This,  tlicrafon.  U  again  dia  aame  body,  and  it  b  tbetrneconifio- 
aitioD  of  (letulphcrftttd  prattdn. 

Onr-horna,  like  fibrin,  yield  without  doubt  an  oxido  of  protain. 
Thus,  oow-bonu  (Phyt.  Chem.,  p.  668),  gave : — 


Dtdiutlsa  the  tnlphar,  m 

C=7«-44 

C=75ia 

C     81-0 

£0'1 

501                 53-8 

H 

6-8 

8-3                   6-8 

N 

16-9 

13-a                 14-9 

0 

aa-5 

23-5                 33-2 

8 

s« 

100- 


93-1 


And  fibrin  (SAtik,  Ondtn.  iii.,  p.  470)  gavo : — 

Deducting  the  sulphiir, 
M  8,  S  II'— 
0     aa-T  58-7  53-8 

H      6-9  6-8  6-9 


N 

O 
8 


155 

2»'9 

l-O 


14-6 
S8*8 


149 
S4-4 


100- 


100- 


»8-0 


100- 


In  cow-hornt,  therefore,  the  same  group  oxiats  as  in  fibrin. 

I  have  not  hitUertn  spokvn  of  the  phoephorua,  but  it  is  iu 
aamo  Etato  as  tho  sulphur.  I  will  raaico  a  more  correct  dotormioa-f 
tion  of  its  small  proportion  in  fibrin,  album«n,  &c.  But  it  hat  booir] 
foQiid  in  a  remorkablo  mnnnor,  that  tha  phospboruii  it  in  the  sain«j 
condition  as  the  sulphur,  v'u, ; — in  tho  aoialysis  of  logtimin.     Pc 
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Norton,  your  pupil,  wlio  \*  here  engaged  wttli  thu  uial<rsia.  bfts, 
fi>r  insunce,  pi-epimd  legumiu  rcoiii  gi-eeu  p»as  (which  dl^ra  from 
that  of  alinonds),  uid  obUUnod  Uio  followinf;  rocult, — 


l>*<]ii 

vliiiK  tli<>  fiiljibur  sn<l  jihotptioru* 
u  H,  !(  II'  aad  ITi,  N  U'- 

C     90-6 

50-8                   fl3-6 

U      8-6 

6-3                     6-8 

N    15-0 

13«                 H7 

0  sa« 

28-8                 3»-0 

8       0-8 

Ph     3d 

1     to 


100'  91-8  100* 

Legumin  from  peas,  thereforis,  oontAiiu  tlto  Utme  sub^ano  as  thit 
wliicb  exists  En  flbm  and  Uoin,  coinbine<l  with  8ulphiirc<t  ui<l 
phonphurut  (if  amid.     Thii  is  confinncd  by  all  its  ronotioiis. 

I  will  hero  tuld  nothing  more,  but  I  think  I  havo  slutwn,  that  ft 
little  more  order  in  appearing  in  thiti  ditwa,  and  that  it  ib  far  moro 
uceTul  to  Kcieoco,  to  distinguish  between  sulphur  and  lulphur,  than 
to  allow  iiuch  a  distinction  to  oMnpo  ux. 

Ii«lieve  me, 

TiHits  faithfully, 

(Signed)         G.  T.  Muldeb, 


T»  IVsAMOr  JOHHftTOH, 


Dttcmtrae  deiiitred  be/are  Ike  General  Agricultural  Society 
<^  Sarbadoef,  at  it»  Second  Ilalf-Yearly  Meetrng  oh  22rf 
0/  December  1846.  B^-  John  Davt,  M.D.,  F.R.S.,  Innpec- 
tor-Generai  of  Anny  HoflpitalH,  Honorary  Member  of  tlie 
Society,  &c.  Published  at  the  rtNgiicst  oflJie  Soci«ty,  Bnd 
comniunicatod  to  tlie  Editor  of  the  New  PhiloHophlonl 
ionmal. 

GusTLuuv. — At  your  loit,  which  was  also  yotir  first,  ineoting, 
I  bud  tliv  Iionoiir  of  addressing  you  on  th«  subject  of  agriculturo  ge~ 
nerally,  oonaiduriid  in  some  of  its  wientific  rolntionx,  I  now  propose 
to  ondeavoui-  l»  pL-rform  the  promise  I  then  nmdo,  and,  willi  your 
leariv  call  your  attention  to  tlia  eioil^  of  Barladoof,  which,  m  th« 
basis  of  your  agriciiltiirc.  cannot  bo  too  cdrofully  rtudiud,  cannot  be 
too  thurou^y  knuwn ;  and  ntich  thorough  knowledge,  I  need  hanily 
ark,  Clin  bo  acquired  only  by  minute  and  accurate  examination. 

I  xboll  Rriit  tponk  ul'  the  «oiIs  of  the  island  generally,  so  far  at>  ! 

.re  yet  had  an  opportunily  of  obsorTing  them;  secondly,  of  the 
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qoslitiM  of  those  varieti«s  of  soUa  wfaidi  an  most  atron^y  marked ; 
an4,  U«tly,  1  shall  Tonturo  to  oflvr  a  few  ranarliH,  ae  Bujigenions,  ub 
iho  kiimixlurv  ofttoila  Rnil  their  tn*tmunt,  wiih  a  view  tv  aiaelwra- 
tiuli  ill  curltun  iimliuicca  in  wliiuli  lliure  aiv  gl&riiig  dcitwbi. 

Oa  this  eccBsion,  a«  on  the  former,  I  shall  have  need  of,  and 
have  to  aak  jrour  iiulolgon<Tu.  fur  ihi;  itubjcct  I  tua  vntering  upon  is 
a  luge  aiid  difficult  ouu.  I  have  nut  tbo  advaBtaga  of  a  prMiticftI 
knowledge  of  it ;  the  views,  the  int'omiation  1  hav«  to  ofTer,  are 
mon  of  an  nbilract  kind  tlian  pmoticnl  men  comtnonljr  like,  or  ak 
dkpoted  to  coufido  in  ;  but  being  foundtid,  an  I  believe  tb«j  arc,  on 
BOitntiflc  principles,  and  SrddreMed,  as  1  trust  they  are,  to  a  aeientw 
6o  audtonco,  that  is,  to  nn  itKsemblago  of  well-informed  tnen,  «od- 
rlnccid  that  scienou  is  esioutial  in  agrioultnra  to  proinata  ita  improva- 
meat,  aud  give  it  its  highest  degree  of  perfection,  I  am  eoaBd«iit  I 
haT«  not  to  ask  four  indulgence  in  nun. 

Commonly,  there  is  a  certain  connexion  obnurvahlo  between  tlia'< 
geologic^  structure  of  a  country  aiid  ilA  soils.  In  e  Urgo  nu. 
^  instance*  thin  connexion  is  innst  intimnto;  so  (hat  the  rocks 
.ftituting  lliR  hilU  and  mountains  hoing  known,  tha  aotb  of  the  pi 
an<l  valloys  may  be  predicntod  with  consid'.-rable  nccnracy  ;  and  lor 
thi«  obvious  reason,  that  the  lattrr,  h;  a  j)roc»K  of  decoQ>poution 
and  iliainlegrntion,  are  derived  fn»m  the  former.  This  is  reniurk- 
ablj  the  c&ite  in  primitive  oountnes,  in  which  the  existing  noils  ap- 
pear to  be  formed  almost  entirely  by  the  procMses  alladad  to.  Oc- 
casionally, liowever,  it  in  otherwise ;  there  are  oountriea  Id  which 
(Jiere  b  no  immodiutc  relation,  at  leaftt  of  dependency,  between  the 
soils  at  the  surface  and  ttit*  strata,  uu  which  they  are  incunibvnt,  tlie 
soils  not  being  derived  from  the  rocky  strata  on  wliich  tliey  mt. 
This  is  strongly  marked  in  the  instance  of  tertiary  geological  fornia 
tions,  thujw  in  thv  history  of  our  globe  of  rei'ent  uiigin,  formed  <£ 
the  detritus  of  older  rocks,  brought  down  by  rivers  or  thrown  up  by 
volcanoes,  depo-itod  in  thcoroan;  thi-re  modotlod  by  eurrunts,  va- 
rioutJy  oonsolidsicd  and  »lti>rDil  by  additiotiii  of  niaterialn  which  they 
tbeni  receive,  ultimately  to  be  raised,  by  foi-ces  acting  from  below, 
into  the  common  air,  to  bccomo  islands  or  pai-ts  of  oonUnenta,  ao- 
oording  to  situation.  Si>me  of  tlie  most  fertile  paru  of  the  earth 
are  of  this  doauription  ;  the  majority  of  the  West  India  Ishinda  are 
ancb,  and  BiLihadoos  eminently  so. 

As  regards  the  inturi^ts  of  agrieulture,  what  I  havo  just  adverted 
to  may  be  held  to  be  u  great  advantage,  as  I  nhall,  farther  on,  have 
an  opportunity  of  pointing  eat ;  but  as  regards  the  dtudy,  the  do- 
scriptinn,  the  nftmpnihfnsion  of  the  soils  of  a  country,  it  adds  vastly 
tn  tlu)  UifHoulty,  prcNimting,  ax  it  iIori),  a  subject  of  almost  incalcu- 
lable coniplieatiun.  instead  of  one  of  simplicity  and  uniformity. 

In  my  preceding  disconrse,  I  Viok  a  Imsiy  gbince  at  tbe  geology 
of  BarhadoDK,  oC  it*  two  pnrts  so  woli  niarkt"!  by  contrasts,^-4he 
nuller  portion,  furnioil  of  steep  hilU  and  dnxacnding  valleys,  con- 
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Eisting  of  bcdi  of  chalk,  of  rnriouK  cluys  ftnd  ol'  nrbtM  mndRMDM ; 
Hve  bu^BT  porcion  of  ti'rniue-likii  lurmatiuii,  height  rising  ftbova 
height  in  long  ci>ntinuo'l  ridj^.  tabl«  \mA»  or  vnlloye  of  little  d«> 
pr(t8tion  inlorvcniriif,  witli  a  I'ocinclittioii  generally  oi  caloarcous  rock 
or  marl,  nboundiog  '\a  siieLId  and  ot.iicr  remains  of  rnariiio  nnimalii. 

In  iii«  pan  or  distriot  first  nicmionfi,  there  is  obsenablu  more 
relation  between  tlia  soiIk  uid  tho  rocky  Kitb^trnta  than  in  tbe  ee- 
oond.  Nor  is  tliis  aurpriiing  or  iQcxplic&blu.  Owing  to  tlie  jtoep- 
neaa  of  the  bills  diere,  iheir  declivities  are  powerfully  acted  on  by 
h«aTy  mios,  And  there  is  a  coii«tnnt  toiideiicy  to  ibo  denudation  of 
tlicir  sidos  in  Qonsequenoo.  Aouordingly.  in  tlii.i  purt  of  tlie  l^and 
where  ciialk  is  Uie  substrntum,  a  wliiie  wilwuiioua  soil,  vt-ry  liitlo 
different  froni  chalk,  is  found  at  cho  aiirface ;  ivhui'e  a  bed  of  olay  lies 
bonoAtli,  the  surfiice  soil  is  found  to  be  stilVand  ai'gillawous;  ivhere 
s&ndstoiic  is  the  basis,  tberu  the  soil  resting  on  it  iii  often  littlo  mora 
Uuui  sAnd.  These  remarks  apply  chiefly  to  the  slcop  declivities  of  the 
bilU ;  toss  so  to  the  valleys,  especially  where  they  open  out  into  little 
ptaiiu.  There,  there  is  fuund  a  certain  uniformity  of  soil,  which, 
perhaps  mny  be  consid'/cod  as  a  tuixtiire  of  all  the  sovei-al  ingredi- 
ent* of  the  higher  regions,  washed  dgwn  by  torreuts  and  comniiriglud. 
It  ix  a  well  marked  alluvial  soil,  abounduig  in  siliceous  ^land.  con- 
taining more  or  less  of  clay  or  aluniiiie,  with  a  small  proportion  ge- 
iwrally  of  magnesia  and  lime.  It  is  a  soil  not  unlike  that  of  British 
Gniann,  being  similarly  ilerived,  bui,  I  believe,  is  of  a  greatly  belter 
i]ualitj. — the  girding  mountaiji tains  of  tho  interior  of  British  Gui- 
ana being  chiefly  of  granite,  and  there  being  no  bnck  gi-oimd  there 
of  fertile  chalk,  as  here,  to  furnish  a  supply  of  calcareous  matter, 
iiowcver  small. 

In  the  utiier  and  larger  portion  of  tbe  island,  I  have  said,  there  is 
loss  relation  botweon  tho  •juality  of  thu  soils  and  the  rocky  beds  on 
which  they  rest.  Iti  many  places,  oven  on  the  same  estate,  there 
nia;r  he  foand  a  uonsidei'able  variety  of  soil  and  subsoil ;  in  one  spot, 
B  calcareooB  marly  soil ;  in  an  adjoining  one,  a  slilf  elay  ;  and  near 
at  hand  to  this,  a  louse  light  soil,  containing  a  good  deal  of  siliceous 
aand,  and  no  small  pi'oportion  of  culuareous  earth.  The  principal 
varieties  of  soils  over  this  the  greater  portion  of  tbe  island,  may  bo 
oonvenienlty  classed  under  a  few  hpads,  according  to  tlieir  composi- 
tion, on  which  their  nature  aud  nualitios  depend,  and  in  which,  not- 
withstanding tlie  remark.  I  have  Just  made  as  to  admixture,  aomo 
order  of  distribution  is  observable. 

On  the  higher  grounds  a  r«ddish-brown  soil  is  predominant,  oan- 
taining  a  brge  proportion  of  siliceous  matter  in  a  very  Huely  divided 
Btate,  with  a  certain  portion  of  olay,  and  an  admistiiro  in  small  quan- 
tities of  lime  and  magnesia.  This  soil  pi'esents  itaulf  even  at  tho 
edge  of  the  cliff  bordering  and  bouiidiug  the  smaller  hilly  regiun~-a 
Htnalion  wo  are  sure,  where  it  ooidd  not  be  brought  after  the  ground 
on  whidi  it  rests,    coral  and  aliell  liinuttone,  was  raised  from   tbo 
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deptlw  «f  th«  voa,  l>«c«uie  thM«  b  uo  higber  ground  tuaa  him 
Ivktoli  it  wtuM  havo  boon  coDv«y«d  b/  iko  action  of  water.  A  Btiik- 
bng  axampk  of  Uiis  is  to  b«  mob  at  th*  top  of  Yiomt  Hill,  intina- 
UilMlj  a^m  tb«  road  loading  ^wn  to  8t  JcMtpli'a  diurvk.     Of 

}  Mtatee  of  BloMutibui^,  Wttbih man's  Hall,  and  Bladunaa*8. 
I  pnrtioulariw,  b«<au>a  I  baro  uamiiMtd  i^ceimcns  oF  th«n), 
ivb>ch  I  ain  indcibtod  to  their  propriutoro. 

Another  quality  of  Mild  ia  that  which  |M«vatls  botwMn  tbe( 
F  Abvati^ns.  w«lt  marked  in  itw  vaU«j  of  Uio  8<rMt  Uotton,  and 
BlUptt  Im«  distinctly  in  the  more  cxptuidud  and  «xt£nuvff  *aUo/< 
■OoMge.     It  Contain*  morv  clay  ih^in  ibi:  first   mentkiued,  a 
bortion  of  siUoa,  and  but  a  vary  small  proportion  of  lime  and  : 
pwaia.     Its  colour  is  variable ;  rod  and  lirovn  aro  iu  prodomiDn 
Pkgbsr  grouiuLt. 

A  third  vurtuty  of  soil,  is  that  which  ditfors  bat  Uttlo   from  eal-a 
(Wttouii  marl ;  it  is  incumboiit  on  a  siibstratuBi  oT  marl,  oonxieu  cbi< 
of  oarbunatu  of  liino,  oontaiiiv  fmgineiita  of  wa  shelb,— oontaina 
»  Hnall  proportion  of  clay  aud  silica,  and  lete  of  mag iioeia.   It  is  j 
cftUy  of  a  liglit  colour.     It  occurs  in  somo  parts  of  St  Philip, 
oially  itd  north •ouittrn  part,  in  porta  of  St  Michael**,  and  aluo  of  I 
Lucy 'a,  and  probably  clBUwhuro  in  nuuiy  pbice§. 

A  fourth  variety  is  a  dark  soil,  in  sonio  situuions  almost  black, : 
colour  which  it  owos  to  vog^tabLo  iniLttor  in  a  peculiar  state  of 
oooipokitioa,  approuoluiig,  I  bolievo,  tho  iitatc  of  poat.      This 
iDoniMoDly  contains  a  good  deal  of  day.  with  a  sufBdoncy  of 
Ifftroous  matter,  and  of  silica  and  magiiobia.     It  occurs  uao«t  coiiWI 
Inonly  in  low  Mtuatiotm  luwurdi  the  xou  coiu-t,  wlicro  tln^ro  is  liitia 
'daolivity,  where  tho  draina^  In  ooi»eque«ioe  in  imputfect,  and  thorn 
is  n  tendency,  whon  thero  is  excess  of  rain,  to  stagnation. 

I  sliail  mitntion  only  one  other  variety  of  noil,  a  oaloimooB  aiwit" 
laceuitt  marl  of  a  gmy  colour,  ooiiHisliiig  uf  alumino.  oaHioiwM  i  ' 
Umo,  and  of  silica,  in  wull  atyuHtcd  propottioas,  with  sodm  carbona 
of  magncraa.     The  nioxt   romarkoblo  example  of  it  that  1   ani 
quaiiitod  with    is  on  tho  Oodriu^'iuti  (Jullugti  Mtate,  below  tlia  cli£ 
whcro,  thrown   up   intu  stcdp  jjills  aud   ridg«s,  and  depreased' iiit»J 
LfMrrow  ralloy*  mid  mvinos,  it  forms  a  littlo  district  apart,  oqnallj 
bmukablo   fur    the  barreniieat   of  its   aqiuct,  iU   real    fitrtility,  ib 
ubundanco  of  uator ;  all  I  believe  depetidiug  on  the  same  Mtase^  i 
nutture  uf  tho  soil  and  subwi). 

Other  raiic-tics  of  soil    might  be  pointed  out,  but,  in  a  dtsoonnH 
■urIi  ns  thi^,  with  littlo  ndvanttga.     They  occur  intermixed  in 
or  oLliur  of  th«  [>«'iiicipal  variotioH  I  have  euuBienttod,  for  none  o*e 
of  the^o,  tlie  principal    varii-tic!),  are  frou  from  adntixtnro  to  ani 
Mteiit.      How  few  et4ut<^,  for  iiistaiice,  whether  aituati'd  liigh 
bw,  ara  wittioiit  mnri :  how  few  aro  without  dcpositsor  hods  of  »t 
olay.     1  am  acqunioied  with  one  uvtato  in  St  Lucy's,  iu  which  tber 
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is  ft  nibBtr&tom  of  CMbonate  of  liroo  in  the  form  of  minute  OToid 
gnnulc*;  of  another  iti  St  Midutel'R,  in  which  tb«  same  substanco 
u  RMt  with  iu  the  fotm  of  tuiuute  rhoiutHji>];il  crystals  uncolicring. 
aft«r  the  manner  of  und  ;  of  a  third  in  St  Thomiui',  where  adjoin- 
ing A  bud  of  cnlcnroous  marl  it  a  deposit  of  stliceoui  e&rth  iii  a  very 
SoL-Jy  divided  aUito,  oBsontially  difforunt  from,  hut  in  appoai'ftnco 
P«rf«ctty  I'esotnhliivg,  eluilk.  These  may  be  considered  as  uuriosilies; 
but  thny  are  not  uniDt«lligcnt  in  thoir  indications  or  uninstructive. 
In  ooniioeli'^ii  »ith  the  goiiL'i'al  geological  history  they  Hi^eiii  ctosriy 
to  prov«,  as  I  haio  already  aUtt'd,  thut  the  soils  of  Barbadoes  were 
mainly  ilepOEited  when  the  rocky  substrata,  on  which  tliey  reet  were 
ijiog  at  a  coDsidernblo  depth  in  the  ocean,  where  tliey  wore  formed  j 
and  ifaac  the  grs.'it  variety  of  lioils  which  nre  met  with,  must  liave 
been  owing  te  the  causes  then  in  operation — rivers  bringing  dowu 
the  dutritus  of  the  mounfiina  of  the  continent,  ourruutK  in  iho  sea 
distributing  tJiein,  and  probably  submarine  volcanic  eruptions,  of 
whieb  th(««  are  indications  hera,  disturbing  them,  and  adding  new 
materials  to  complicate  tliem  the  more. 

Tbeed  may  appcuir  to  some,  theoretical  views  and  visionary ;  but 
tltey  assaredly  are  not  so.  The  reading  of  geological  signi  ix  oom- 
nonJjr  unambiguous  and  easy.  Like  the  reading  of  a  written  lan- 
guags,  it  must  be  enter^  upon  in  its  minute  ports  :  these  are,  as  it 
mre  its  alphabet.  A  sea-shell,  the  spine  of  an  echinus,  the  tootli 
of  a  shark, —  the  microscopic  remains  of  infusom,  ocouring  mixed 
with  waUsr-womi  particles, — whether  loose,  as  in  beds  of  marl,  or 
ooDipact,  an  in  bed«  or  strata  of  limestone,  plainly  declaiia  their  sub- 
mariiie  origin.  And  other  sources  tire  not  less  clearly  denoted  hy 
othor  appeamncoB ;  the  form  of  the  minute  fragnients  constituting 
voloanic  dust  and  oslies  U  not  to  be  mistaken, — each  litlli?  fragmonl, 
as  aeen  under  the  tnicrosci>pe,  presenting  sharp  edges  and  acuta 
angles ;  and  the  form  of  river  sand,  obpciciaily  of  hard  quartz  sand, 
^Cogetha'  diSarent  fi'om  the  prcucding,  all  tli'^  edges  and  angles 
mm  hy  attrition,  is  L.-i)ually  distinct  and  significant.  Such  geologi- 
cal interpretation  is  not  moroly  amusing  to  the  mind,  but  is  valuable, 
I  bcUeve,  in  connection  with  agriculture,  viz.,  by  aiding  to  give,  as 
it  ia  w«JI  fitt«d  to  d<j,  a.  true  insight  into  the  nature  of  soils. 

Tho  ^uolitios  c>r  your  soils,  to  which  we  will  now  proceed  and  give 
a  brief  oonsidei-atioa,  as  1  have  alrtudy  observed,  depend  ohicdy  on 
the  elements  composing  thciu.  Of  these  qualities,  generally,  two 
*i«ws  may  be,  aud,  1  believe,  ought  to  be  taken  ;  one,  as  regards 
ttwir  texture,  which  is  uonmionly  called  thoir  meolutnioal  or  physical 
eoadltieo,  as  to  the  dogrcu  of  sustaining  funtnofis.— of  rosisiance  to 
ibe  implements  of  hiJsbandi-y,^-Df  perviousness  to  air  and  water,  and 
of  power  of  retaining  water ;  the  uili«i-  as  regards  their  chemical 
compoideion,  considered  as  tho  aoui'ce  of  tho  inorganic  elements  essen- 
tial to  tho  growth  of  plants,  and  which,  when  of  the  best  qualitj, 
should  render  the  soils  prodactivc  without  aid  from  manures. 


364 


Dr  Davy's  A^rieuiiurai  Difeonrge. 


Let  ua  talce  now  a  hasty  mivw  of  ibc  prindpnl  vamtioe  of  mQ 
before  named,  in  nilaliion  tu  tbone  qiwUtio. 

I#l,  Of  dit  Catcitrti)v$  or  Cluttk  Soil. — This  soil,  iKisldca  bong 
ciMii|iu(tt'<l  princtfialljr  of  (srbonaiouf  lin>o,uialoMeBn«lj<IiT>deduile 
wilb  some  alunitnv,  MittAin*  &  ouruin  portion  of  silica  in  tbo  Mm 
Btat«,  aim  of  orbonftte  of  mafpxwa  and  of  plionphato  of  limo.  an) 
(loubll«Bilj  of  the  vegetable  alkali,  From  the  nature  of  ita  ooutti- 
tuetit  parts,  and  tlie  K(at«  in  which  tbcf  are,  this  tuil,  fhynaiily  eon- 
sitlorpil,  ma)'  1w  Ii'.-M  tu  he  uliiiuat  tbu  poriuotiuii  of  a  Koil ;  oool  fram 
it*  colour  leflMling  ihv  t,iin'»  myc, — absoTbeut  of  moieture,  and  uat 
too  retentive  ot'  it,  allunriug  thti  rain  to  doscend  deeply  into  it,  and  t* 
bo  kiTpt  in  storu  amongxt  ita  poreii, — to  asoead  and  bo  oxiialod  at 
moiiituro  on  tlia  occasion  of  draught :  suffloientl;  firm  to  give  due 
sappurt  to  plaitta,  and  tuffiuivntly  yielding  to  bo  eaul;  hkmW. 
1'h««o,  it  mutt  bo  admitted,  iiro  uxuirUunt  cjualiliM.  And  a>  rogardt 
it*  nourisliiiig  power,  tlirougb  the  medium  of  the  inorgauio  eJcmentt 
which  it  in  capable  of  supplying,  its  character  is  of  a  v^r^  high  kindt 
U  tho  ntumunts  which  it  uuiitniiu  tuv  thoai*  whioli  appvnr  to  bo  moat 
eaKfitial  to  tlie  staple  and  mure  important  cropo  of  tlio  ialaud,— <Moh 
as  tliw  bticar  cano.  Indian  corn,  yam,  and  othefB.  This  Mil,  with 
theco  cscolU-ncicK,  may,  I  buliovo^  bo  Iwld  up  aa  an  awmp^,  Jtt 
productive  power*  ajipear  to  b(-  high.  Without  manurv,  1  aai 
informed,  it  will  yield  good  crop* ,  t>von  of  tbe  sugar  cane ;  and 
this  sucovBsively  fur  several  years,  without  Iresh  planting  ;  and  it  JB 
worthy  of  remark,  that  tbo  «ugar,  the  produoo  of  lJu»e  canaa,  is 
eiitonued  above  the  average  quality,  and  ia  oblauied  in  propoctionallj 
large  quantity.  Tho  emimslioii  in  whidi  soils  of  this  kind  are  hekl, 
is  pretty  woll  indicated  by  tho  rent  which  can  bo  obtained  for  ih««ii, 
vix.,  from  twenty-four  to  tliirty  doUani  an  aero,  and  even,  I  bdtinre, 
ooeasionally,  as  high  a«  ihii-ty-fire ;  and  thii>  in  siluatioiu  coinoionly 
of  difficult  access,  remote  from  the  town,  and  having  little  but  the 
fertility  of  the  soil  to  roconimi-nd  them  ;  Ruch  as  the  litoep  doclin- 
tie*  of  Mount  llillaby,  the  highest  pan  of  tho  iiilaud,  ibe  chalk  Mil 
of  which,  rising  at  least  1100  foot  abovo  the  sea,  is  cultivated  to  the 
Rumniit ;  the  rugged  ground  in  iho  neighbourhood  of  Cwtlc  Grant ; 
and  that  little  dietriet  of  niiullar  ground,  which  Itatt  modvod  tho  nanw 
of  Irivh  Town. 

Tile  other  calcaiooutt  soil;;  of  tho  i«lnnd,  in  widoly  difFonnt  uUa- 
tions,  are  more  or  less  atwlogous  to  the  ohalk  soil*,  nuch  as  Oui  marl 
soils  alrpftdy  nolico<l,  and  the  eatcareotis  ai'gillaueuuH  soil  of  tht-  Cod- 
rington  Collegs  Entaco  ;  thoy  havp  n  great  mcniblanco  in  tboir  ele- 
mentary conipubiiiun,  varying  ubicBy  in  tho  proportioni*  of  their  eon* 
stituont  pni'ts ;  and  they  ai-e,  1  uiid^rntaud,  all  i-t<iiiarkiibly  fertile. 

2dty,  Of  tlic  Clij/  Soik. — Tha  qualities  of  those  soil*,  as  of  clay 
soils  generally,  are  strongly  marked.  It  may  >ntSco  to  dawTiUi 
them  very  briofly.  Thoy  are  retentive  of  moiiiture  in  a  very  remark- 
able manner,  and,  at  tlie  vnmc  time,  little  pervious  to  air  and  n>ois- 
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lure  ;  linbla  to  boeotnf  indurntod  from  diviight,  and  boggy  rmm  «s- 
««ss  of  rain,  phynicalJ}'  grcut  d«fectii.  Their  oompoEidon,  I  bcliere, 
in  KHiiewhat  variable,  always  abounding  ii>  aluinine,  never  dcfioicnt 
in  Ki]ioa;  they  h\xe  rnont  commonty  n  amall  jirupi^rtion  of  linio  and 
iiia^edia,  cn^tiamWy  of  llio  forinnr.  Those  utayey  Koili  which  have 
n  g^aay  f't^l  wbiin  dry,  usuully  cunCain  a  guod  deal  of  magnesia. 
In  their  natural  stale,  1  apprehend  thnt  tho  bod  preponderate  over 
the  good  i|ualiti«ti  of  tbMu  soil,  but  tho  rovorno  in  their  improved 
state. 

3<^fy,  Of  Snndy  SoiU. — The  poculiaritic*  of  those  soils  are  the  re- 
vere of  the  U«t.  bcin^  moiit  rnulily  purvious  to  air  and  moisture,  and 
nowise  retentive  of  muiMu re.  Sucli  is  invariably  thuir  physical  ynn- 
dition,  whatc'ver  may  bo  their  chemical  coinposiljon  ;  a  ooudition 
nioHt  unl'avoiimhtu  to  fiM-tility.  and  fatal  to  it,  excepting  undor  pecu- 
liar circumstance''  of  iiituatitiii,  or  iieusonH,  auuh  as  low  utuations 
whure  wator  is  abundant,  or  whore  there  i%  a  substratum  or  subsoil 
re4«iitivc  of  moirturo,  or  rainy  Reason*.  Next  to  these  circumstances 
Ihoir  coniposilion  is  of  most  impurtimue :  those  which  nro  almost 
purely  Kilioeous  are  almost  barren :  such  exist  in  fho  parifthcn  of  St 
,foseph  and  St  Andrew;  whilst  thotp.  which  consist  of  comminuted 
shell  and  coral,  are,  in  favourable  circiimstanooi,  fortilc 

itMy.  0/  Alluvial  Soilt. — J  have  ali<eady  spoheii  of  the  soil  whtob 
ooGum  in  the  valley  of  the  hilly  district  as  an  example  of  this  kind, 
that  U,  in  tho  jiarishoM  laat  mentioned.  Tlio  red  i^oils  of  the  higher 
grotinds  may  also  ha  considered  as  such ;  and  even  the  greater  part 
of  tlip  toiU  in  the  valley  of  the  Sweet  Uottoin  and  of  St  George,  and, 
in  brief,  of  a  lari^i-  portion  of  the  itiland ;  in  some  instances  the  tead< 
cncy  beinj;  to  jiti  excess  of  the  oluniinou!!  ingixidient,  witli  undue 
ntiffnoss  aud  tenacity,  in  some  others,  and  I  believe  more  rarely,  to 
u  deRciency  of  it,  snrt  undun  porousness.  Tho  bl-iclt.  soils,  too.  niay 
be  ooiisidi-rcd  as  lielLinging  to  them,  exalu«ive  of  the  pi-oulinrity  of 
colour,  depending,  as  1  huve  already  mentioned,  on  a  peculiar  ntale 
of  vegetable  matter.  Snme  of  these  soils  appear  to  bo  excellent,  in 
which  the  several  ingreilionts  ire  in  a  very  lino  stale  of  diviiion,  and 
it  may  be  inferred,  duly  proporti>'>nei),  as  in  the  instaiioe  of  tho 
Bloointbury  estate  soil,  and  some  others  similarly  situated,  and  alao 
in  the  instance  of  some  of  those  in  tho  lower  grounds,  espeeinlly  in 
the  valleys  of  St  Andrew's  and  St  Joseph's,  Generally,  I  apprehend, 
putting  aside  those  of  the  highest  qoality,  they  may  be  coii'.idored  a^ 
average  Noils,  and  fivim  this  cireiunstanue,  that  fh'-y  contain  com- 
mingled the  essential  elements  of  good  soils ;  and  average  also,  as 
regards  their  capabilities  and  produce. 

Having  thus  taken  a  rapid  glanue  at  tho  qualities  of  somo  of  lh« 
principal  varieties  of  soib,  1  sli^U  eiiior  uii  the  third  ^art  of  my  buk, 
I  brief  consideration  of  the  means  of  correcting  those  qualities  which 
lire  most  faulty.  It  would  be  tedious  and  out  of  place  on  thin  ou- 
■asion,  were  I  prep:ired  with  the  requisite  information,  to  enlei'  into 
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jninaM  dotaib  on  Uiis  important  iirnctkal  Mib)ect.  It  m»j 
if  1  venture  to  offer  ioiiM  g^nentl  romarlu  and  «iigg«Mion«.  Alia 
ooiHtideriiig  the  qmlitiM  of  aotla,  so  in  sttooding  lu  tlieir  AAma,  \ 
aiBj  be  ir«l1  to  obMr*t  tfa*  ili-itinctMn  botiroen  tboM  wliidi 
pb/ttoal,  in  eontnditttnotioR  to  tbuee  wtiiuli  ui*  oli«nicttl.  An  n- 
gui»  ibe  Am,  the  ni%u\  defect*  of  faullj  soilc  are  coiiMdored  in  the 
grMMtt  dugreo  of  gviiiiali^  of  tsu  dilfiTrnt  and  omMitA  kiudi, 
oxoM*  of  teniicit;  or  BtiffiieHi,  and  waul  of  adlicMaa  (w>d  tltb  in 
oxoeeB)  or  looseness ;  tlie  one  dvl'vct  most  ooutfiouous  in  the  nwM 
iwfeet  dajr  soils,  tho  other  in  tho  nia«t  pMfoct  tandjr  •otU ;  tli*  urn 
dci>ondiug  on  th«  argillaeooiu  demi^nt  being  too  p  redout  ioaiiL,  tb) 
otiier,  uii  the  al>aene«  of  thli  element  iii  ita  plaatiu  stato,  and  on  tb 
prtdoininonce  of  aaad,  or  of  partiulcR,  compact  and  Grm,  witliaHl 
tcndoiMjr  to  cohcro,  which  conititut49  what  wo  eommonly  call  Mad. 
In  one  or  otbur  of  tliuso  tvo  kinds  of  defects,  I  bulivvo  ar«  comptt- 
bonded  all  the  tmperiecAioii>»  of  jour  tioil»  ^ livsically  Tieired,  and  that 
thejr  aro  to  bs  eorrocted,  hj  attending  lo  tbvm  a*  pfinciplee. 

li  a  soil  id  too  adboMvo.  tuu  Ntill',  proeenting,  during  a  paiiid  of 
drooght,  a  hatd  fissured  suifave,  durins  wot  weather  a  ststo  of  b«^ 
How  u  It  to  be  troAtod  for  the  rcmoinl  of  cheje  gnat  MtA  fatd  d^ 
fects  in  the  waj  of  niecesMful  a^eulture  %  la  it  not  beet  done  bj 
the  addition  of  matter  ofa  dilTi-reiit  kind,  such  aa  nod,  dudk  <ani> 
minuted,  mnri,  or  burnt  <:)>]'  t  Either  of  tlicse  will  t«ud  to  dinii- 
nisb  tbo  stifTiianK,  render  the  soil  let*  udlioiive,  tituro  perTious  to  air 
and  wiiter.  e^uially  if  foUuired  hy  tliui'ough  druining  and  subwil 
ploughing,  which  will  aid  inuai  lualcrially  in  pceToiiting  the  atagna- 
tton  of  water,  and  1  ma;  a'id,  of  air,  in  th«  upper  stratum  of  siut, 
and  euiiduce  in  a  rcinurkntilo  manner  to  pre>arve  the  soil  of  a  jutt 
dcgnie  of  humidity  and  of  aeratiott,  even  in  limes  of  MV«nst  trisl— 
those  of  flood  and  drought.  Sucli  meosurot  of  improvetnent  are 
BeoeHnnriljr  ■•xptrtisiru,  and  demand,  I'ur  tlioir  «orr«ot  performanoe,  a 
luge  outlay  i>f  c-npitul.  In  England  titid  Scotland  titew:  moamrai 
have  had  a  inoKt  eHiD^ii'e  ti'iul,  iiitd,  us  you  Hri;  iiu  doubt  aware,  mill 
most  aucuL'iiAful  rustilis,  proving  that  cHpii«l  hu  iuroKtod  is  moct 
protitably  plucod,  uflun  doubling  and  tripling  the  value  of  tha  land 
in  relation  to  produce  and  rent,  and  that  not  for  a  short  term  «f 
years,  but  for  an  indefinite  period;  iu  biiuf,  laud  so  treated  and  tio- 
prav«d,  may  be  comtidaied  as  reclaimed  land,  a,  ^at  aeijuiniUon  te 
the  proprietor,  n  great  nequiaition  to  t]ie  counti-y  ;  an  olemejit . 
say  of  weullli.  and  i;vcn  of  health  ;  fur  it  i>  clearly  proved 
tlioruu{{h  draining,  even  the  ehinatu  of  a  diktricl  may  be  inipi 
thu  nir  rendered  dfier,  Xea-  liahlo  to  fog,  ovon  wnrntur  in  a  OoU 
Muntry,  and  nlno  fVu«  from  inaluria.  In  this  island  how  many  faJtu 
atiuns  yiivio  are,  ^uid  not  lucouaidiiruble  tracts,  which  might  be  bena 
ftted  more  or  loss  by  snd)  troattnoni.  Wborovor  wator  resta  Ion 
after  h«iiry  rnin,  iboru  we  may  be  sure  the  (UiTeot  in  i|uc«tion  is  pr 
aenc,  existing  eitlier  in  the  soil  or  sub^l,  and  admits  of  corroetioii 
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,1x1,  I  tUink,  it  cannot  bu  doubted  tl»t  iniprorein^nts  wliioh  have 
\n  rouud  of  such  vut  importaiico  In  England,  so  lirnntire  and  ad- 
itafc«0Da  to  all  ooncemed,  would  not.  bo  le»K  m  in  Barbndocs.  Wa 
of  on9  gcntlcmnn,  to  whono  writing*  trapictU  agriculturu  in 
indcr  no  nniall  obligatioiift,  wbo  has  comuiKticed  tliorougli  ilrainiitg 
III  S  part  of  his  propfirty  in  tbie  island,  wliicli,  from  its  qualities,  ho 
'»s  of  opinion  reqiiired  it.  As  the  process  was  begun  only  a  fuw 
montlw  ago,  anil  is  not  yet  i;i>mpleted,  it  is  tou  eoun  to  witneas  any 
reniarkabl^  tiTecl  from  it ;  and  yet,  iwnic  effect,  I  undentund,  U  al- 
ready apparent  :  a  guntlctnan,  a  verjr  competent  judge,  n'ho  wan 
lately  nt  Lamberts,  has  told  mo,  that  tliu  uaiics  over  thu  JraiiiH  woro 
lU  in  their  stalka  and  gi'owLiig,  unaft'uclud  by  the  dry  weather  nt 
timo  prevailing,  whilst  thoHo  not  so  Kitiiatod  had  the  scorchod 
nppoai'nncu  connected  with  the  aaspension  of  healthy  active  vegeta- 
tion, owing  to  want  of  moiatitre. 

If  a  soil  is  too  loose  (to  pass  to  the  other  oxtromc)  from  escees  of 
,maii  and  deficiency  of  clay,  unrdentivo  of  moisture,  rain-water 
'~  ing  lliTWigli  it  aIniuHt  unobiitructed,  fatally  parcJied  in  dry  sea- 
sAm,  and  never  pi\>duclive  excepting  in  moi^  ones,  wlint  is  the  cor- 
rective to  bo  applied  ?  Is  it  not  obviodxly  nn  addition  of  that  ad- 
Ikwivu  pUstic  element,  clay,  winch  i»  dt-ficif nt  ?  Be-ipcuting  this, 
there  can  be  no  duubt.  But  a  doubt  may  ai'iee  in  the  mind  at'  the 
propriolor,  whether  tho  iniprovemeTits  calotilntcd  on,  may  bo  worth 
the  I'xponse  that  mnxt  be  incurred.  The  determination,  tlio  solving 
of  tlie  doubt,  most,  of  course,  r<st  on  a  variuly  of  circumslaucea, 
chWfly  lucal,  all  cennected  with  eeotiomioal  views,  as  the  probablo 
(juaniitj  of  tUy  reqnircd,  tho  distance  from  which  it  is  to  bo  brought, 
Sia.,  uireurastanfos  i  need  not  dwell  on.  or  partieulariae. 

Of  the  oihei"  urd^r  of  detects,  those  depending  upon  tho  chemical 
composition  of  soils,  I  can  "ipcnk  with  lees  confidence;  for  tho  sub- 
jeol  is  a  difficult  une,  partly  owing  to  its  nature,  and  partly  to  the 
little  attention  it  bus  jel  rL-eeived,  especially  in  lb..'  West  Indie*.  If 
we  are  to  start  from  pnnciples,  certain  que-tiona  niuit  be  oslwd  and' 
atnwered  to  enable  us  to  make  a  successful  beginning  : — Such  as, 
what  is  the  exact  composition  of  aoit  best  adapted  to  any  particnlai* 
crop,  *br  example,  the  sugtir  cane  ?  If  this  can  bo  deiermintd,  then 
wo  have  a  principle  to  guide  »a ;  we  are  no  longer  gioping  as  it 
were  in  the  durk  :  then  the  object  of  the  planter  will  be  to  appiwx- 
imate  as  much  as  possible  nil  hts  soils  to  the  high  xtaudurd  soil ; 
but  which  he  can  only  do  by  knowing  their  composition,  what  ek'- 
menta  are  in  excess,  or  in  defioitmcy,  or  altogether  wanting,  com- 
pared with  the  standard.  At  present,  I  fear  the  stale  of  tropical 
agriculture  is  not  sulKcionily  advanced  to  enable  uk  to  my  what  this 
idard  aoil  is.  how  it  is  conKtiiutud;  and  it  maybe  long;  before  the 
iblem  will  be  wived;  and,  oertitiiily,  never  without  the  aid  t>f 
scientific  reicarch,  and  the  joint  operation  of  the  man  of  ncience,  and 
of  tlio  practical  agriculturiKt ;  or.  what  would  bs  best,  the  union  of 
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tli»  tiro  in  i>n«,  wlio  will  be  o*}wbl«  of  tMting  luitl  aiuljrxuig  bhI 
witli  opportuniliM  of  comfMriDg  ibeir  prodoce  wi'tli  their  oompMltli 
ai)4  of  iiiAtilutiiig  expflriniODtA  on  wA\t  artifimlly  compouniM, 
farther  proof  of  (bo  Mcurne;  of  Ui.i  ^iiluctionH.  Siich  triiUs,  illiM 
nio  to  oboorve,  wfiutd  be  wull  worthy  th«  HlU'iition  of,  «iul  M- 
vuunigeiiierit  tVoni  this  ani)  tho  olhor  Agricnltiiml  Societies  of  Bw- 
bailoex :  niul  I  tnii;!  ihoro  in  «  gontlomaii  liolding  nn  clevatiKl  grui*  in 
oncofthoaoMiuiftivH,  who. ail  believe, h«  iHCuQipclvnt  to  tlio  iii'iuity, 
will  be  dispoHMl  to  engage  in  it,  nnJ  will  lind  loiMire  for  it,  during  in- 
tcrvaU  thnt  be  i«  not  porlorming  iho  hi;i;h  function  to  which  !>«  huro- 
ountly  been  cnllud  in  y<^ur  lluuae  of  Aeneiublj.  Aft«r  what  I  haro  kuI, 
I  tiei-d  hardly  remark,  thnt,  at  prcnrat,  it  Appears  to  ine  tliat  cMtJK- 
tiirCH  only  can  bo  offisrcd  on  tbo  conipi».ition  uf  tlin  soil  host  fitt<^  lot 
the  purfuction  of  the  augar  cane.  From  the  limited  obxerTations  I  hav4 
yet  liad  an  opportunity  oF  making,  I  «m  disposed  Co  o^r  it  as  m; 
opinion,  that  soilx  principally  otlcaroouti,  aro  th*  wiU  in  quo(tioii|J 
snob  KH  tbo  ohnlky  anil  marly,  which  eoiU,  aa  re^rdx  physical  oii^H 
dition,  possess  all  iha  propi^rties  most  deurable  in  a  soil ;  and  m 
'  regaidn  ohemical  composiiion,  may  ba  hold  to  bo  nowiixt  defectire, 
wbun  ihcy  contAin,  busidoB  carbonate  of  limo  and  a  portion  of  alu- 
niine,  tome  magnesia,  silica,  and  the  phospholu  of  lime,  and  the 
Togotable  alknli,  as  is  communly  the  caso  in  tho  instances  of  the 
chulk  and  tnni-l  of  this  Island,  inunt  of  theni  inorgnnio  ulotnonti. 
which  are  found  in  the  a^bes  of  the  cane,  and  that  rety  gcnonllj. 
I  have  alroad;  ntlHiicod  an  example  of  whnt  appears  to  be  tlia  ad- 
mirable fiUicits  vf  n  flhalky  noil  for  cnnc  cultivaEi>^n.  1  did  nottpo* 
cify  the  eicaut  lo'udity  whtro  thu  cane  ao  well  gruw»  without  manun, 
tvhioh  I  ought  tu  bare  done,  to  escape  perhaps  the  censure  of  hasty 
generalization.  The  *pot  no  puintcd  out  to  mo  was  in  ajiart  of  Weh'l'' 
hi&d'b  Jiall  Kstuti-,  Bitiiatvd  bulnw  thu  limitary  coml  cliff.  Othvr 
examples  iiiijjht  be  nieniioned  of  soils  of  the  same  kiud  being  emi- 
nently prodiictiTo.  is  not  the  lower  portion  of  the  Codringten  0)1- 
lege  eNtate  rucIi  an  instance,  where  the  soil  in  an  oi^illaecous  olcn- 
reoua  marl,  wiLh  a  Bunicieiicy  of  silica,  and  &i>mo  phusphalo  of  lim« ! 
In  Antigua,  t.horo  ore  striking  examples  of  it:  the  most  ralualjlo 
estates  of  that  inland  have  a  ioil  of  oaloareons  marl,  with  a  fiubcoil  of 
thp  same,  a  marl  similar  in  composition  to  the  best  lu  BarbftdoM: 
And  Hucli  IuikIm.  1  was  informed  on  the  spot,  commonly  yield  three 
bogslieads  of  sugiir  per  acre,  and  occasionally,  and  not  unfroquently 
more,  and  I'cquiro  little  manure ;  and  are  aa  fertile  now.  as  when 
they  wore  firxt  biougln  into  cultivation,  £«mo  of  tliem  more  tluui  a 
century  ago.  It  ia  true,  and  dosorving  of  all  aonKidemtion,  that 
there  ai-e  other  kinds  of  soils,  both  in  Darbudoce  and  in  Antigua, 
which,  1  nm  informed,  yield  liugar  superior  to  the  average,  and  in 
&ir.  although  not  in  largo  proportional  quantity.  In  tbcm,  as  far 
an  I  have  had  an  upportiinity  of  judging,  tlie  name  elonitinta  cxiM  an 
in  lIw  calcareous  toils,  although  in  widely  different  proportions — 
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[niu  uiul  magnesia  in  Kniall  qufuitiiy,  and  die  plioftphato  of  lime, 
Uher  in  tli«  manure  tlian  in  lh«  soil.  This  is  a  fact  whicb  sug- 
eets  aiiolber  train  of  inquiry  in  connmrtion  with  the  GrKl.,  rh..  what 
re  the  proportionn  in  which  CL-rtain  inorganic  elaniciitii,  when  r&- 
iuir«il,  ^huuld  hv  introduced  into  a  soil,  with  a  view  to  economy  and 
tne  greateot  |)ri)lit? 

As  regards  the  improvoments  of  the  S'lil!!  of  Barbadoos,  whether 
n  relation  to  physical  eonditi'jn^  or  clit^niical  conipoiiition ;  ninny  of 
tlie  cirouoistaocas  of  your  estates  ara  hifjhly  favoiirablo,  and  may,  I 
tbink  in  iruthfulni^R;,  be  adduced  ax  matter  of  «oiigratulati<>ii.     Sea- 
Band,  uornpoxed  chiitSy  of  comiiiiiiutod  shells,  cuntuiiiiiig  benidesi  aar> 
boaatt-  of  itiiii',  a  little  pboHphatu  of  lime  and  animal  matter,  ^uch  as 
it  i«  constituted  on  two-thinis  of  the  shore*  of  thi«  inland; — marl.wii- 
taining  the  mnjoriiy  of  the  iimrgunic  eli^nu-nta  of  tliu  «ugnr  catie,  is 
of  Bueh  common  ocuurrence.  that  hardly  an  estate  in  tbo  larger  por- 
tion of  Barb.idoeB  is  without  its  mar!  pit; — chalk,  which  in  chemical 
ooinponitioii  is  very  little  din'orrnt  froai  marl,  and  niiglit  be  superior 
to  it  were  it  reducL-d  to  powder,  in  certain  Eiiuationo  oxbting  in  vast 
quantitios; — those  arc  somo  of  the  happy  mpnns  with  which,  I  may 
my,  nature  Has  provided  you,  capable  of  ctfucLiiig,  I  Indieve,  nio?t  of 
the  icn  prove  men  la  required  in  the  oonatitution  of  the  more  tenncioiis 
and  too  argillaceous  ^oils,  which  are  the  niotit  iniportanl  and  exleii- 
kIvc,  and  with  a  probability,  at  tbe  same  iiniit,  of  having  thoir  com- 
punition  improved.     And  then  for  the  lighter  and  too  saudy  toils,  ef 
which  I  believe  the  pL-opoition  is  atuali,  the  abundance  of  clay  at 
hand  in  moist  situations  aflTordj?  ready  and  ample  nienna  of  ameliora- 
tion.     Of  the  good  otfoot  of  «uch  an  addition  on  a  smalt  scale,  a 
striking  exauiplo  utters  at  thi-  Crane,  a  sput  in  many  rcspeelj  re- 
markable :  where  we  witness  an  appoi'erLt  rotiriug  of  tlic  Boa,  owing 
to  a  vast  acwiuiuiation  of  sand  on  the  shf;re,  and  there,  in  this  sand, 
bnlow  l.lio  cliff,  where  once  the  waves  broke,  of  whicli  thoir  effects 
are  manifest  in  the  manner  the  base  of  the  cliff  ie  worn  away,  there, 
now,  fruil  trcen  aci.'  flourishing,  a  garden  has  been  formed,  and  all 
that  han  been  found  necessary  in  the  planting  of  tlio  trees,  bns  been 
hjB  Introduce  about  their  roots  a  little  ordinary  c^ail,  the  cocoa-nut, 
Mmd   deposits),  not  even   I'eq^utrlng  thi^.     And  not  oidy  do  nioiit 
rfruit  trt'c-5  flourish  there,  sin-h  as  llto  orange,  the  linif,  the  bread- 
fruit tree,  &e.,  but  oven  the  sugar  uane !     1  was  informed  by  the 
proprietor,  that  it  ii  difGi:uIt  to  get  it  to  grow,  but  that  when  it 
pUKcn  its  early  stage,  its  growth  is  of  extreme  litxuriancy. 

Buch  means  as  these  I  have  mantioned,  such  fauililioK  for  the  im- 
provement of  yoiir  soils,  are  unquostionahly  groat  advantages,  and, 
with  ihn  ijualities  of  your  soilt^  gunerally.  ai^  I  have  already  aaid,  a 
matter  for  congratulation  ;  and  they  are  advantages  which  will  be 
even  increased  when  rondei'nd  more  nvoilable,  as  it  U  tti  bo  hoped 
they  soon  will  be,  by  railway  •xmimunicalion  encircling  the  whole,  or 
at  loBKt  thl^  greater  part  of  the  island, — an  undertaking  which,  if 
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properly  ooni)iKt«<l,  cuiiiot  Iai)  of  mecMej  vi<J  with  its  sihgcm. 
ponding  aa  judicioui  snd  intelligent  (^xvrtiap  Hixl  onWrprine,  saf 
nut  bo  uitioipMtod  tliM  other  vxeitioiB  will  be  nudtf  in  the  waae  e^ 
rit,  cundaaiv«,  directly  or  indirectly,  to  llw  iiuprovamant  of  agrioii- 
lucw,  aiid  to  u>  increue  of  prcMpofity :  for,  allow  me  to  luk,  «))«t 
branch  of  it,  or  of  tbo  miuiufMluriiig  prucMKo«  oonnoc»<l  with  it. 
whctlKd-  the  ninkijig  of  ii^ar  or  of  mm,  con  be  ooiuiderod  perlMl, « 
evon  Sk  near  &ppro««h  to  petftotioo. 

Regarding  the  promnt  time,  which  i*  entlod,  and  perhaps  j«(l)y, 
ft  critical  limo,  I  would  ubver* w,  that  thtM  'm  roinarluU>le  in  the  bit- 
lory  of  nianVind,  to  wit,  that  penodg  of  difficulty  hsrc  klmyi  pre- 
ceded,  or  liave  nlwsys  aocoiRpanied.  tlwM  of  iniproremeul  aiid  ad- 
ranco  ;  nnd,  I  njiptvliend,  for  tliu  «iinpl«  reaion,  that  it  is  cntniaonlr 
only  by  difTiuullica  that  the  mind  is  roused  to  vxiirliun,  nnd  that  » 
KTunt  chanf;es  und  advaiicoB  cnn  be  mndtt  without  exorlioii  of  mind. 
The  Wofit  lndi«it,  I  am  wry  Konguine,  witli  this  island  taking  ttig 
lead,  will  olTurd  onotliur  outuiple  of  sudi  eucuvaa,  in  a  Ituuri^ing 
knd  prosperous  l'utur«,  the  rceiilt  and  r«waid  of  Hioh  exenioo ;  and 
a  bright  and  taiA  encouraging  osampto  it  will  bo,  takinf;  «  ri^tr  af 
■lare  and  free  labour,  vix.,  that  what  in  right  niondly  ia  right — t)i«l 
b,  odTantageoua,  politically.     And  let  this  be  prored,  and  I  am  very 
confident  it  will  bo  prorod  h«ro,— not  that  fr«»  labour  «oDndered  1^ 
itself  ia  dieapor  than  slave  labour  ;  but  that  the  lyntom  of  fre?  la- 
bour, tbc  aynteni  of  freedom,  of  ihdt  systcin  which  calls  into  aotisn 
tho  energies  of  man,  is  moro  productive,  is  more  prufltsble,  tlian  t! 
oppot^ito  degrading  and  torpifying  syitem  of  slavsry.     Let  thi«  b« 
dearly  proved  within  the  tropics,  on  it  has  already  btm  proved  n 
triumphautly  at  humo,  comparing  the  past  condition  of  our  oounlrf 
with  its  present,  comparing  free  England  with  uCher  cuuntrii»  <( 
Europe  hardly  yet  fruo,  l.hnt  liavo  not  yet  mni*rittiiio(M— (»  mett 
Mgdiiicanl  term) — will  nut  the  argumc^it  be  almuKC  irrtitiistible  BgaiHt 
slavery  and  elafe  labour  ?     My  own  belief  is  that  it  will  b«  so  i  nnd 
that  tho  monstrous  oviU  of  slavery  (monstrous  either  in  aet  or  tra- 
deocy),  will  ere  long  bo  cntindy  gut  rid  of;  on  aspiration,  I  an 
confld<^it,  which  if  out  received  with  tho  same  strong  liiitti  in  its 
coniplotion,  will  he  mot  with  as  strong  a  I'eelJDg  by  all  hore  asseni- 
bled  in  favour  of  it,  and  perhaps  even  with  a  fooliag  stronger  aflt 
lB0r«  lively  lluui  I  can  tutvc,  raany  of  you  liaviog  witntascd  the  Mea| 
JDgs  of  thu  chungo  iif  the  one  system  to  the  othoi' :  and  arc  thankfl 
for  it,  even  with  tlic  impression  of  btiTing  sustained  Iiitlierta  a  pMH 
iiiary  loss,  a  diminished  annual  income,  but  for  which  you  have  befl 
more  than  repaid  by  the  various  honu&ta.  moral  and  Hucial,  the  A 
suits  of  oniBRcipAtion.  ■ 

Gentlentun,  1  muKt  now  hnstun  to  conclude.  I'here  are  mfll 
points  of  inquiry  connected  with  your  kdiU,  that  1  hare  not  eifl 
touched  on,  and  those  of  no  little  iniportanoe.^^noh  a«  tho  cffi>ctfl 
burnii^  where  tJi«r«  is  an  apparent  excess  of  vagetable  mntta^fl 
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in  the  black  soils  o{  B&rbado» ;  Uw  «iat9  uid  proporttoti  of  tli«  t«- 
g«>table  matter  in  jrour  (oib  gciunally  ;  the  question  of  tlto  eshawt- 
■nr;  powers  of  difTeront  cropa ;  and  th»  StMo  of  llie  noil  in  «iich  Unds 
aM  liu*«  beon  under  cultivation  anintttirupudly  lor  a  lung  notien  of 
years  ;  the  effects  of  irrigation  ax  a  ferliliiing  means :  the  peculiar 
offeote  of  <lifferont  kinds  of  manurea :  beeides  other  luid  hanlly  toss 
intoroatiug  topiee.  Having  occupied  so  much  of  jrour  time,  I  can 
memly  allude  to  theso  at  present.  Perbnps,  at  tiome  other  me«ting, 
should  it  be  your  winh,  I  may  undertake  the  ooneideration  of  one  or 
mora  of  tticm,  proTidul  my  ofHcinl  duties  allow  mo  loisuro,  and  I 
aball  have  it  in  my  power  to  collect,  in  iho  interim,  inrorinatiun  xueh 
Lh^  vill  enable  mo  to  bring  them  bcforu  you  with  eoni«  cbauce  of 
Pnmng uwftil.  and  mpccially  in  tbt-  wuy  of  opening  and  exciting  in- 
quiry (&  word  in  reeard  to  the  attninni«nt  of  knoivU^dgo  of  iLdmiruble 
iniportj.  without  which,  tystomaticdly  conductccl,  wi'  have  no  right 
to  expect  any  groat  improvoment  in  apiculture,  wlictbcreonudered 
u  an  art  or  a  aeienoe,  or,  indeed,  in  any  other  departments  of  the 
arts  or  science*. 


DetcriptioH  o/tftree  tarielies  of  Meteoric  Iron. — 1.  From  near 
Carthage,  Smith  Ct/uuti/,  Temiea^ee ;  2.  Front  JaekuQH 
Counts,  Tennessee;  3.  From  lusar  StititAlant/,  Livingtlan 
County,  Kentucky.  By  G.  Troost,  Pi-ofettsor  in  the  Uni< 
vcreity  of  Nashville,  Tennessee. 

1.  Meteorie  Iron  from  Carthage,  Smith  Connt;/,  Tennfi'ttv. — In 
vol.  xlix,  p.  336,  of  this  Journal,  I  published  a  dutcription  of  foor 
varieties  of  meteoric  iron,  one  of  wliicb  was  of  the  highest  inlereM, 
as  its  full  bad  been  witnessed  by  several  persons.  My  collection  has 
■inoe  been  augmi.*nted  by  llireo  other  newly  diBoovered  specimens.  A 
friend  of  mine,  Samuel  Morgan  of  NHshrille,  learned,  some  time  in 
1844,  that  a  lurg?  mass  of  metal  had  been  found  in  Smith  County, 
near  Carthage,  Tenne.tsee,  which  was  considered  as  silver ;  ond  a 
small  sample  of  tt  was  given  to  hini,  which  wo  both  recognised  imme- 
diately n«  mc^gn'c  iron.  Mr  Morgan  immediately  endeavoured  to 
learn  it*  history,  and  tg  get  possession  of  it ;  but,  as  1  observed  above, 
tt  being  considered  a  prvoious  metal,  ho  I'ailed.  and  every  thing  was 
enveloped  in  myttery,  till  it  became  known  that  il  was  not  silver. 
Ho  loarned,  then,  that  it  was  in  the  possesuioo  of  a  blacksmith  ;  that 
il  was  found  about  a  mile  from  Carthage,  llie  County  »oat  of  Smith 
County,  and  Mr  M.  ubtaineJ  it  la^t  year  for  a  reasonable  price.  It 
mighad  280  pounds — an  oblong  shapeless  mass,  its  sui'foce  nhewing 
h«ro  and  there  some  projecting  octahedral  cryrtals.  A  piece  of  it  was 
eairedoff  weighing  3y  pounds,  which  now  forma  one  of  the  ornnmenta 
of  my  cabinet,     'Ibis  niaguificeiit  Epeuimeu  has  a  polished  surface  of 


Oh  American  StHeoric  Iron. 

about  IS  by  9i  iDobn.  Non«  of  thv  ro«UillH:  inateorit«s  tt>at  I  ban 
MM.  exliibit  tudi  bMUtiful  WidniannXotKan  fignro*  which  Wl 
beoooio  visiblo  on  ita  poUtJieJ  aurf»c«,  without  the  ftid  oF  ftold.  ft 
ahewN  rhoiiiboidal  aiul  UrtaiigtiUr  aeccions,  whicti  ar«  goiienlly  a  Ul 
inch,  uid  »  few  more  ihui  ui  inch  in  Utogth.  Tbam  figunw  cow 
nnirorm);  tha  wliolo  of  tli«  polished  Kurfuo.  No  hettirogenMiii 
matcrali  uo  nnble  in  ic  Then  b  onljr  oue  CATitjr  of  about  half  u 
Inch  on  its  aurfac«. 

The  onpoliflhod  |Mrl  ia  pftrtlf  cr^MAllixed  and  putljr  amorpboM 
anil  eompacl-  Some  crjFRalii  (pnrtA  of  ootalnedronn)  project  for  mm 
than  an  inch  above  the  raaia.  The  iron  ia  rei^  tough  aii<l  iiutlteable; 
and,  aft  it  contains  no  trace*  of  pyritoa,  not  miaooptible  of  bciog  aeud 
upon  \>y  atmospheric  a^iicioc.  A  partial  analf ni*  ha.i  convinocd  m> 
that  it  contain*  a  notable  proportion  of  nickel ;  the  other  ooniponeaU 
I  have  not  aaoortaincd. 

2,  Metwrie  Iron  from  Jafk*<m  County,  Tennutet. — I  am  abg 
indehtod  to  mjr  frietid,  8.  Morgan,  for  the  knowledge  of  a  rarietj  of 

I  tnetooric  irou,  wliich  ia  found  iii  Jacli£<>n  County  in  lhi»  State.    Mr  M. 
r  reooiTod  only  ii  romplo  of  It ;  but  its  hixtorj-,  qunntttj,  and  quality, 

are  still  kept  in  profound  ni<crucy,  u  it  b  yet  considered  a«  aitrer,  and 
I  its  owner  ia  locking  out  (or  its  original  deposit.  Tlw  {nece  in  my 
I  poMoitiou  weijjhj  15  ounces.     It  in  nn  ncoumulation  of  largo  crystab, 

Bomo  of  an  oclidit»Jrnl,  otluirt  of  a  tulrohednl  form — of  a  Tory  ui(t 

malluable  iron.     It*  bold  and  vivid  oryotaU  di&tinguuib  it  from  the 

other  Teiineaseo  neteorio  iron. 

It  WM  accompanied  by  eome  fragniontii  of  the  cru*t  of  moteorio 

irun,  wuigliiiijf  3}  oi>iioe«.  It  i«  a  hydrosido  of  iron,  of  a  brown  BJid 
,  jelluw  colour,  iicnulratk'd  heru  and  thure  with  luclallie  iron  itm-lf, 
I'^iiTera  very  much  from  llie  lasl-iiainiiil  iron,     'lliis  cruets  and  the 

bold  crysUlline  strncluro,  shows  tliot  tho  original  maw  mu«t  havu 

boon  ku;ge:. 

3.  MeUoric  Iron  from  Z.ioiMfftlon  CouMly,  JStnlf-^y. — Some 
«ix  or  aevuo  year»  unce  a  piece  of  motttl  waa  handod   ino  with  the 

Ltv^uotC  that  I  would  Hoo  how  much  nilvi-r  it  uontaiued.     ^Vlien  I 

'lold  tlio  pijrsun  who  sLuwod  it,  tluil   it  did  not  contain  nlver,  and  mu 

only  iron,  he  became  displtwued,  and  deparlud  withoul  answering  my 

r  ^ucricK  lu  to  itf  locality,  quantity,  &«.     Suniu  year*  after  I  recvivud 

I  anothoi-  piuce  ul*  it  from  n,  ditTorunt  person.     1  convinced  him  that 

I  ft  was  iron ;    but  all  the   Jnloruiation    I  could  obtain  won  that  an 

f  Rbundancu  of  it  was  found,  and  ns  ho  intended  to  purulia^u  tlio  lattd 

on  whioli   it  ooourred,  ho  rufuKcd  tu  mention  the  locality,  but  pro-, 

mii>t-d  to  »eiid  me  a  lai^o  pioci:  uf  it.     The  man  did  not  kcop  lit* 

promise,  and  I  have  not  heard  of  liim  ninnii.      But  iomo  time  laat 

L  jroar  Colonel  Playor  of  Nonhvillo  niuntioncd  to  me  tliaC  lie  had  the 

Miflor  of  a  tnwt  of  laud  on  which  audi  iron-oro  (shewing  the  idan- 

nlcal  iitetoorie  in>u)  was  iu  abundnncc  ;  ho  thought  it  wan  ore  of  an 

bxcelleni  quality,  and  that  it  did   nut    roiiuiru  any  proparatioD>  and 
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would  be  w»rkcd  in  tli«  Mmo  kUiCp  it  wm  found  in,  tliewing;  me  » 
mid  ebUel  mado  of  it.  I  tol^  him  to  examine  the  lattd  nnd  m« 
wlietfaer  an  Abandftiice  of  it  really  did  exist,  menlioning,  at  (he  nran 
timo,  thM  I  wan  conrincod  thnt  but  a  «ing)«,  or  at  least  rery  Tew 
{tjeccs  of  it  could  be  found,  beuauae  it  was  meteoric  iron,  which,  m 
for  as  it  is  known,  (alls  onl^  in  single  masses.  Colonel  Flajer  went 
to  tho  spot  nnd  then  learned  that  only  a  single  piece  of  it  had  be«n 
found.  From  this  gontteuiaii  I  learned  that  the  original  picco  no* 
pretty  large,  but  that  it  had  been  cut  op  and  worked  in  tb«  black- 
unith't  shop  ;  that  the  only  piece  now  existing  in  its  nntuml  »tate, 
and  which  he  had  in  his  posseBsion,  vaa  of  about  8  to  lU  pound*  j 
part  of  it,  togetlier  with  tW  cold  chisel  mentioned  sbore,  'a  now  {b 
my  posee««ion. 

This  piece  weighs  4}  pounds.  It  ia  a,  remarkable  variety,  has  % 
fine  granular  fracture,  dimilar  to  that  of  steel,  is  very  compact,  and 
has  no  trai^es  of  crystJiU,  or  of  a  crystalline  structure.  It  is  a 
shapeless  mass  and  has  a.  roii^h  surface,  where  it  has  not  been  out — 
it  has  the  properties  of  ^teel ;  in  fact  the  above-men  tinned  chisel  is 
oquol  to  one  made  of  caxt-steel.  .\!i  incomplete  annlysis  has  giren 
me,  10  per  cent,  of  metal  mostly  nickel.  It  was  found  near  Sniitli- 
land,  Liringston  County,  Kentucky, — Amtrienn  Journal  cf  Sa«tia« 
and  Art»,  Vol.  ii.  p.  358. 


SCIEKTIFIC  INTELLIGENCE. 

METEOROLOGT. 

1.  EfieU  o/ Diminished  Atmospheric  Pteature  on  Attimnlf. — In 

'    the  heights  of  the  Cordillniu  the  effect   of  the  dimuiished  aCmO' 

»pheriu  pressure  on  the  human  frame  tihews  itself  in  intolerable 

eyniptoniB   of  weariness  and  an  extrume   difliciilty    of  breathing. 

The  nativen  call  this  malady  the  Prina  or  the  .SorocAe ;    and  the 

Spanish  Creoles  give  it  the  names  of  Mareo  or  V(ia.     Ignorant  of  its 

Lmal  causes  they  ascribe  it  lo  the  exhalations  ofmetab,  especially  anti- 

PUbny,  which  is  extensively  used  in  the  mining  operations.    The  first 

r  Vymptomfi  of  the  seta  arc  usually  felt  at  tho  elevation  of  12,600  feet 

abore  theses.     These  symp^>ms  are  vertigo,  dimness  of  sight,  dulneas 

of  bearing,  pains  in  the  head,  and  nausea.    Blood  flows  from  theeyee, 

,     no«c,  and  lips.     Fainting  fits,  spitting  of  blood,  nnd  other  dangaroua 

lymptomn,  ucually  attend  sovore  niiaclts  of  veta.  The  senwtions  which 

I    accompany  tliis  malady  siomcwhat  resemble  those  of  saa-Mcltness,  and 

I    beuee  ita  Spanish  name  Mareo,     Dut  sea-sickness  ts  nnaocompanied 

bj  thadistressingdit&eulty  of  breathing  experienced  in  the  veca.  Thit 

difwdor  sometimes  proves  fatal,  and  1  once  witnessed  a  case  in  which 
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dwtfa  wu  th«  rMult.  Inhitbibuiu  of  Ihd  mint  aii4  £uro{)«kii>,  wtw 
for  ibo  flnt  time  tUt  the  lofty  re^oiK  of  tlie  CoHiUen,  uv  vsutllf 
Bttwiked  with  this  diiDrder.  J*cr»TnR  in  good  healtli  ami  of  t  wfin 
haMt  URuUjr  rooonir  from  it,  but  on  p)<«Uoric  »aA  ttout,  tDdiriduill 
ita  oAeot*  kr«  fruquedtly  retj  lerors.  After  an  abode  of  Mm*  tJnv 
in  ibe  mouiitunouB  regions  tb*  eofiBtitation  beoomM  inurBd  to  tJi» 
nrelic<l  atmn»pli«r<i.  I  ni^md  ouly  two  atudu  of  the  toU; 
but  lb«j  were  very  wsrere.  The  fir«t  wu  on  one  of  the  lenl 
^Mghts;  and  the  seoond  on  ibo  moimtwn  of  AotaiohKhuB.  Tb» 
firat  Unto  I  iMMtido<l  tho  Cordillem  I  diil  not  oxpurieDoe  tbo  «]ig1tt«t 
illnew,  and  I  congriitulittt-d  myacU'  un  having  owaped  tbo  veta  ;  but 
S  jrear  afterwards  I  had  an  attack  of  it,  thovgh  onljr  of  a  few  bonra 
duration.  TIio  reta  i»  folc  with  gri'nt  severit  j  in  Mme  dtNtriota  of  tho 
Cordillom,  whilm  ill  others,  wheiw  the  altitude  is  greater,  the  disorder 
is  (caroely  perceptible.  Thus  it  would  eeenn  that  iIm  tnaUdy  ■>  not 
eaufod  by  diminixhod  atnioKphuric  prvMUro,  but  is  dependant  on  fomo 
Hnknown  olimatio  oi re u instances.  The  districts  in  whioh  the  vcta 
preraiU  with  greatest  intensity  aro,  for  the  most  p«rt>  rich  in  the 
IMvduatton  of  motala,  a  drcuniKlancn  wliicb  lias  giroa  rise  to  cbo  iiJrA 
that  It  is  cauied  by  metallio  exhalations. 

I  have  already  described  the  effect  of  the  Puna  oliniaifl  on  beaste 
of  burden.  ItK  infliionco  on  Mmc  of  Uio  doniettio  animalii  is  no  Ion 
Severe  than  on  the  human  ra«e.  To  cats  it  is  Tory  fittal,  and  at  the 
elevation  of  13,000  feet  above  tho  sea  tlioea  animals  cannot  Uveb' 
Numerous  trials  hnvc  been  mndo  to  renr  tbcni  in  the  villages  of  the 
upper  mountains,  liut  without  effect ;  for,  after  u  few  days'  abode  in 
^hose  regions,  the  auiniaU  die  in  frightful  convulsions ;  but  when  in 
nhia  state  they  do  not  attempt  to  bite.  I  had  two  good  opporltinitiee 
of  obserring  the  disease  at  Yauli.  Cats  attacked  in  tliix  way  are 
called  by  the  natives  axorochadoR,  and  antimony  it  alleged  to  bo  the 
ouuse  of  the  distemper.  Dogs  aro  also  liablo  to  it,  b<U  it  viatto  theo 
less  eeTi?Tely  than  catu,  and  tvith  care  they  may  be  recevorod. 
— (Travels in  Ptru,  hy  J.  J.  Von  Ttchvdi,  p.  296.) 

2.  Preaence  of  SulftiMr  in  MrtitlUc  SubttaHCtt  t/ruek  ty 
Lightning. — On  Sundiiy.  the  Hth  Juno  lit46,  the  parish  church  of 
Saint Thibaud-dc-Ooux.tbn'o  Icnguei'  from  Chnmberry,  was  Bimckby 
lightning ;  tlii.'  ohuroli  was  filled  with  dutuie  iraoke,  Mcompanted  by 
a  strong  smell  resembling  that  of  guupowder.  The  gill  frame  of  a 
large  picture  was  almost  entirely  biackeDetl,  and  »is  gilt  chandeliers 
wore  all  rendered  as  black  as  copper  would  be  afWr  long  oxpotnro 
to  sulphuretted  hydrogen. 

M.  Bonjcon  procured  some  powder  by  scraping  tlie  surface  of  the 

chandeliers,  which  had  been  most  strongly  coloured  ;  by  tmitiing  it 

with  aqua  regia,  be  obtained  a  solution,  in  which  sohition  ei'  nitrate 

of  barjte«  gave  a  white  preuipitate  insulublc  in  nitric  add.^-fi^Ottni. 

jLtharm.  tt  dt  Cit.,  Vt^em^t  1846.) 
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3.  NoU  <m  cAa  Att»otpkmric  Dutt  whieA  fell  at  Oenoa  on  16(A 
o/May,  1846.  (Extract  of*  Letter  from  M.  Ehrenbrrg  to  M.  F. 
Ji.  Fictet.) — Wo  havogiTOD,  in  tho  fith  Numbcrot' the  jlroUt'iM  (vol. 
ti.  p.  87)  some  dotailtt  retpectitig  an  atmoHphet-ic  dust  which  Ml  at 
Genoa  aj^er  a  slomi,  on  tlie  16lh  May  1846.  I  pcrccivod  in  it 
tnniiy  cnrapaccfi  of  iufuiwria,  nud  I  thorBfore  ha^^ti^ned  to  aoiid  n  xpe- 
«(mea  U>  M.  tHii-tuibiuTg,  .i«  iLo  most  cumpctciit  obaerror  of  all  t^t 
re)ftt«E  (o  iLo  history  of  microscopic  aniiiials.  This  expert  luioO' 
grmptior  iiMtantly  oxaminod  it,  and  transmitlod  to  rae  the  following 
,detMh  resulting  from  his  investigation.  K,  J.  P. 
|L  ''  Imniodiatoty  after  receiving  the  atmospheric  dust,  or  powder  of 
'Genoa,  whidi  /ou  lont  me,  I  examined  it,  and  have  found  it  rerjr 
iotaeatiiiK.  My  observations  havo  not  yot  been  very  numwout, 
bnt  they  have  been  made  with  caret  and  havo  enabled  me  to  reoog- 
nLso  in  tho  duKt  -16  species  of  niinutEr  organisms.  It  ia  fcrruffiuo"^* 
as  the  colour  iudicates  ;  tho  iron  probably  arises  fi'oni  the  gnUionoU 
los,  which  are  vi<ry  numerous  in  it.  Tim  form  of  this  dust,  its 
oolour  and  composition,  reuder  it  in  every  respect  identical  with  that 
which  foil  in  the  Atlantic  Ocean,  near  Cape  do  Verd  Islands,  and 
with  that  which  waB  collected  at  Malta  in  1834,  But  it  is  not  only 
the  colour,  form,  and  composition  in  general  which  are  idBnticat  iu 
the  dusts  collected  iu  these  different  times  and  places;  tho  »ame 
■peciee  which  pnvlominaCe  in  the  one.  likewise  predominate  in  the 
Other.  It  appears  natural  to  suppose  that  these  sands  come  from 
Africa ;  however,  they  contain  not  only  cunlineutal  forms,  but  also 
very  distinct  marine  organisms.  Tho  Diploneis,  for  osamplo,  are 
abundant  in  all  these  dust^,  and  in  all  sea«,  but  have  not  been 
hitliorto  found  in  any  freub  water,  properly  so  called.  The  dust  of 
Crenoa,  like  the  rest,  contains  many  forms  special  to  South  America, 
and  wants,  on  the  contrary,  such  at.  arc  pcouliiir  to  Africa. 

**  It  appears  to  mo  nlways  inoi'o  and  inoi'e  evident  that  the  dust 
of  the  Sirocco  is  a  phenomenon  nioro  eiten^ive  and  general  than  is 
supposed,  and  deservcB  to  be  rtudied  with  great  care.  Does  it  come 
front  America  !  Ilaa  it  its  origin  in  Africa  ?  Those  are  questionB 
which  can  be  anawcrofl  only  after  numerous  obnei-vations. 

"  Sncii,  Sir,  are  tho  faci-s  which  1  can  at  present  communicate  W 
you  respecting  the  dust  you  have  sent  me.  By  continuing  my  re- 
searches, it  is  probable  that  I  shall  see  the  number  of  organic  forms 
inoreiuB  still  more.  I  wished  to  delay  no  longer  in  assuring  you 
that  the  pretent  subject  is  one  of  great  intercEt,  and  that  it  is  very 
iniporlaut  that  the  phenomena  connected  witli  it  ebuutd  be  carefully 
observed." 

Similar  Just  has  been  collected  at  Malta,  Cape  dc  Verd  Islands, 
and  in  the  Atlantic  Ocean,  as  far  as  800  soa  miles  from  the  west 
coast  of  Africa.  I  have  seen  spedmens  collected  in  tho  years  183t>, 
1834,  1830,  1838,  IB'tO.  They  are  all  so  identical,  thai  one  would 
believe  they  had  been  taken  from  the  samo  packet. 
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Th«  following  ii  ft  eatftlogiMi  of  tl>«  opeciM  obmrrod  in  th*  iUm 
of  G«noa :— 


A.  Poi.TOAtniCA.              Sjmodtk  saUnaon. 

Ounpflodtteu*  cljpeiu. 

uhw. 

ChmfogUmt  rolvoainft. 

B.  PimrwoLiTajUUA. 

Cocoiieis  )Lne«U. 

Anphiditeui  uwpa. 

DiplOMiiii  didvmn. 

eUrstiW. 

UuMploa  ktniMphorioA. 

Martii. 

•1.  up. 

LithwMriwua  tub«roiil«tiM. 

Ennotla  luajihicxy*. 

LithodvDtiom  bunuk 

diodon  i 

falcatuia. 

gibbcrnla. 

fURHthUL 

munodoii. 

naautum. 

triiluululA. 

platjrodon. 

FnftiUriB? 

roitratiuD. 

OftUionclla  CT«naM. 

Litboctjlidiom  amplnodon.* 

<ltitan*. 

<JaTft. 

g;ranulatA. 

formiM. 

proccnL 

^uadntim* 

Iila*i«iila. 

rud«. 

Plnnulnria  boKoli*. 

•orra. 

Stauronai*. 

tpirifatruft. 

SuriroUn  erotk-ula. 

ABTOOKOMT. 

4.  Calorific  Power  of  the  Light  of  the  Moot*.  (^A  Letter  /n 
M.  Mtlonito  M.  jtntgo,  anii  i*i4«rt(d  in  the  Chmtiit,  May  1646.) — ^ 
M.  Molloni  La*  vliown,  b<>jrond  a  duubt,  that  tho  rajrii  of  the  mooa 
>re  e&lorifio  to  a  feUght  csutit.  Il  was  done  by  conoenmting  tb> 
njs  of  th*  moon  wiih  a  lens  over  three  feet  in  d)ftmet«r>  upon  bil 
theraionopio  pile.  The  needle  wu»  found  to  dotiuto  Choid  0°'6  to 
f'S,  ftooording  to  the  phase  ol'  tlie  moon.  Numerous  preoauttonu 
had  to  be  attended  Co,  ho  aa  to  avoid  all  error  arising  out  of  curreot* 
of  air,  &e.  (J.  L.  8. — American  Journal  of  Soienee  and  .^rt«,jM 
vol.  it..  No.  5,  p.  266.)  4| 

6.  Tft»  Ctntral  Sun. — At  the  rlogo  of  thp  moetinj;  (on  the  14th 
of  IlKCember)  of  tho  Koynl  Iriiih  Aouilemj,  Sir  William  HamiJ- 
ton  annouDRcd  that  he  had  ju6t  rocQivod  from  ProfeBsor  MadUtr, 
of  Dorpat,  iho  extraui'dinai-y  und  mciting  intcJ1ig«nee  of  the  ptv- 
■unied  discovery  uf  a  ceiiti'al  sun.  Proft^sor  MtedWe  ussay  on  the 
■iibjeet  (-MV  Central  Sonne,  Dorpnt,  1S46;  was  also  exhibited  by 
Sir  William  Hamilton  on  iku  sane  evening  to  several  member*  of 
the  Academy  ;  but,  as  this  work  may  not  I'or  tiOme  time  to  oome  b« 
gencrnilly   known,  or  indeed,  eiwily  procurable   in   this  country,  »• 


*  BlbHuIb.  Univ.  dc  Gvn^vc,  iiui>pl<MDrat,  Ko.  $,  p.  303. 


' — A«tn>nomf. 

WioTe  ttiU  our  roMlars  mil  thuik  us  (tt  publuliing  a  nkctcli  of  iIm 
rwults  wliiuli  it  cantains.  uiil  wkivli  wtro  bfidiy  fttntod  on  tKo  oTon- 
ing  nlrokd/  mentionod.  This  course  will  aUo  serve  to  oorn!Ct  ^ay 
axixaaoipivm  on  tli<i  subjoct,  whjdi  ilio  unexpected  oature  uf  the 
oontmunioBUon,  and  tlio  eoiuei]ueat  abaence  of  many  of  tho  in*ia- 
bers  of  tho  Acndemy,  maj  posvibly  hnro  owaxionod,  or  M  loMt 
alluwod  t^  uriae.  By  an  extensive  and  liiborious  oompftri^n  of  tho 
quantities  and  directions  of  th«  pi-opur  [notiuii^  of  tl>e  stars  in  varioua 
partx  of  tho  faeavMie,  onibined  with  indication*  afFordod  by  tbe  p«* 
rallaxes  bitborto  dutcnoinod,  and  with  the  tbaorjr  of  uoivenial  gra- 
vitation, Profpssur  ittnAX^T  lias  arrived  at  tbe  conclusion  that  tho 
PlciaduN  funii  tho  central  group  of  our  wholo  astral  or  sidereal  sys- 
tem, iuokding  tlie  Milky  Wn,y  and  all  tlio  brighter  atai-s,  but  exclu- 
sive of  the  niar«  distant  nebute,  and  of  the  stars  of  which  those  n«- 
buW  may  bo  conipOKod  ;  nrid  within  tho  central  group  itself  he  has 
beuti  led  to  Gx  on  the  »tar  Alcyone  (oilicrwiso  known  by  tbe  naciie 
of  q  Tauria),  as  occupying  ^xiictiy  or  nearly  the  position  of  the 
centre  of  gravity,  and  as  ontitled  to  bo  called  the  central  sun.  Ai- 
suiiiing  Uess«l's  parallax  of  the  Etar  61  Oygni,  long  aineu  remarkable 
for  its  large  proper  motion,  to  be  oorwctly  duiermiued.  Mwdlor  pro- 
oiH'da  to  form  a  first  approximate  e8timai«  of  tho  dii-taneo  of  thin 
central  body  from  the  plantrlnry  or  sular  vyntcin  ;  and  arriviA  at  the 

ipruvi^ioiiai)  uoncluaion,  that  Alcyone  is  abuut  1)4,000,OUO  times  U 
ar  removed  from  us.  w  from  our  own  sun.  as  tbe  btter  luminary  ii 
from  un.  It  would  thci't-fore,  acuovding  to  this  ostiniatiun,  bo  at 
leMl  a  niilliou  times  as  distant  as  tho  now  planet,  of  which  the  theo- 
retical or  -ieduutivo  discovery  hoi  but-n  eo  great  and  beautiful  a 
triumph  of  modem  asti'onumy,  and  no  etrikiiig  a  confirmation  of  the 
law  of  Newton.  The  samo  approximate  determination  of  distance 
coodticis  to  tbe  result  that  the  light  of  tho  central  £un  occupies  more 
than  fire  centuries  in  travailing  thence  to  us.  The  enorniuus  orbit 
which  our  own  sun,  with  tho  earth  and  the  other  planets,  is  thug  in- 
ternd  to  be  describing  about  that  diittant  centre,  nut  indeed  uud^ir 
its  inHuence  aloue.  but  by  tho  cunibined  attraction  of  all  the  stars 
which  are  ne.irer  to  it  than  we  arc,  and  which  are  estimated  to 
amount  to  more  than  117,000,000  of  masses,  each  equal  to  tho 
total  maea  of  our  own  soUr  system,  is  supposed  to  require  upwarJa 
of  18,000,000  of  yeare  for  its  complete  desci-iption,  at  tlio  rate  of 
aboat  eight  geographical  miles  in  every  second  of  time.  1'he  plane 
of  this  vast  orbit  of  the  sun,  is  judged  to  have  an  inclination  of  about 
84  degrees  to  the  ecliptic,  or  to  tho  place  of  tho  annual  orbit  of 
(he  earth ;  and  tho  longitude  of  the  ascending  node  of  the  former 
orbit  in  the  latter  is  concluded  to  be  nearly  137  dojjrecs.  The  ge- 
D«raJ  oonolusions  of  MtedJer  respecting  the  constitution  of  the  whole 
■yntem  uf  tho  fixed  utarii,  exclusive  of  the  diatoiit  nebulce.  are  tho 
following: — Ue  beliuvin  that  the  middle  is  indicated  by  a  very  rich 
group  (the  Pleiades),  containing  many  considerable  individual  bodJoii, 
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though  ftt  imtneDM  dirtanoM  tnm  lur.  Round  this  ho  snppoiH 
thftTD  i»  K  WM,  proponioiuibl)r  poor  in  HUr^  mi4  Lben  a  broad  itM 
rmg-fonn«d  layer,  foUoved  hy  ui  uiternl  ooraparUively  deKid  of 
(tars,  nnd  ufiorwiinls  by  wiotlwr  nnniiUr  and  starrjr  •fiaoo,  ptrhap' 
witli  acrrcral  olttmiationK  of  th«  mom  ktnd,  tlM  two  Mitmoac  rin|» 
conipuBJug  tlie  two  puta  of  tli«  Milky  W«j,  which  are  ooafiiuadM 
iridi  <Ach  nth«r  b/  ^tfttAin  in  tb«  poriiona  moat  distant  fram 
oiinwlvn.  Pnyfcnaor  Msdler  has  acknowludged  in  faia  work  hi*  ob- 
ligations,  whidi  are  those  of  all  iiKjairecs  in  BidaiMl  aatrooomy,  U 
tfaa  r«eear(ticD  of  the  two  I{or«oh«ls,  Sir  William  and  6ir  John.  Tbr 
rJewB  of  Sir  Wiltiati)  Henohol  rMpooting  tli«  nlation  of  our  iwlir 
tjataa  to  the  Milky  Waj  will  naturally  r«cur  to  the  roooUeotion  of 
our  roadcri! ;  an<l  wbilo  nMrxiomtrs  aro  anxioiuly  awaiting  Uk 
•liorttjr  «xpoctetl  appeanuioo  of  tJie  complete  acmant  of  Sir  John 
llemi'liul's  observations  on  the  southcni  nebultP,  the  foltowii^  pas- 
*ago  of  a  lottor,  which  was  written  in  i6i->  hy  tliat  illustrious  ion 
o(  ail  illustrious  sire,  from  tliu  Cape  of  Good  Hope  to  Sir  Williani 
HaniilCon,  may  be  r^ad  with  peculiar  interest,  frotn  the  agreemeot 
between  the  riowg  it  expreMes,  and  some  of  thoM  to  which  Pro- 
fiMor  Maedbr  bad  been  l«d.  In  thin  Lotter  just  r«£)rrcd  lu  (from 
which  an  estraot  was  published  at  the  lime)  Sir  JoJiu  Hersebel  es- 
prcMSod  himsolf  as  follows  : — '■  The  geoeTSI  aspect  of  tbe  sontben 
eircurapolar  region,  including  in  that  oxprossion  W  or  70**  of  8. 
P.  D.,  is  in  a  Iiigb  degree  rich  and  magiiilicont,  owing  to  l]i«  su- 
perior brilliancy  and  larger  do  v«lopmiMit  of  the  Milky  Way  ;  whic^, 
from  tho  con«tellatioii  of  Orion  to  that  of  Anlinous,  is  one  blaM  of 
light,  stmngdy  interrupted,  however,  with  vacant  and  almost  star- 
leaa  patches.  eapecisUy  in  Scorpio,  nuar  a  Ccntauri  and  the  Oro«s: 
while  to  the  north  it  fodos  away  p&lo  and  dim,  and  ia  in  compariMo 
hardly  traceable.  I  think  it  is  impossibla  to  riow  this  splendid 
tone,  with  the  astonii^liin^  rich  and  evunly  distributed  friiwe  of  stan 
of  tho  thirii  and  fourth  magnitudes,  which  form  a  broad  uiit  to  ilx 
southern  border,  like  n  vast,  curtain,  without  an  impression,  amonnt- 
ing  to  a  oonvictiou,  that  the  Milky  Way  is  not  a  mere  stratum,  but 
an  amiulufl  ;  or  at  least,  that  onr  system  is  plaoed  witJiin  one  of  the 
poorer  and  almost  vacant  parts  of  the  general  mats,  and  that  acoon- 
trically,  so  as  to  be  niuoti  neaier  to  the  parts  about  tlie  Crooa  than 
to  that  diametrically  opposed  to  h.^Videtui  article  on  Mtedler'f 
Views,  by  Professor  Alfred  (iautier  of  Geneva,  in  the  9th  Number 
of  the  Supplement  of  the  Bibliothe^e  Umv«rttU«,  24th  Ootobar 
1846. 

MINERAUMIT, 

e.  CryptoliUi  S>,  F.  WMar  {Pogg.  Ana.,  No.  3,  1846 ;  Phil. 
Mag.  xxtx.  Slut  July  1046.) — Cryptolite  ia  a  phoopbate  of  tho 
oxide  of  cerium,  found  in  tbo  tea  gnien  or  reddiafa  apatite  of  Ar«udal 
in  Norway.     It  beoomos  apparent  when  tlta  apatite  is  plac«d  ia 
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largo  pieces  in  itilato  nitric  acid,  apponring,  u  tito  apatite  dintolvev, 
ia  the  fomi  of  fin«  crystoltiiie  needliw  of  ftbout  a  line  in  i«ngth. 
It  occurred  onlj  in  llie  reddish  variety  of  apatite,  ani)  conitituteil 
but  2  or  3  per  <xat.  of  tbo  niMi.  It  cr7«tallixoi  in  transparvnt  ap- 
parenttj'  tis-»ii)L'<l  priima  of  a  very  yala  wine  oolour;  apaeific  gra- 
rttj  4'6.  It  umiergoes  no  change  ai  a  tno'lerate  heat.  It  afforded, 
on  auaiysis,  perftside  of  cerium  73*70,  protoxide  of  iron  1-61,  pbos- 
pborie  add  27*37  =  1'J2'&8.  Tito  excels  arisen  from  tlie  cerium 
iMTing  been  det«riniued  aa  peroxidH  instead  of  protoxidu,  iii  wbidi 
laiUr  form  it  evidently  oxiEts  in  the  mineral.  Tbo  presence  or 
mImciios  of  didjrtniuni  and  lanthanum  remains  undeterminod. 

It  iH  probable  tliat  llie  apalate  of  Arendal  contains  another  c&- 
riuni  iiiiii«ral  which  is  solublo,  nnd  may  possbly  be  monaaite;  SiUi- 
inan. 

7.  Atni^ifami'^Hon  of  Wronght  Iran,  C(i»t  Iron,  anrf  Sto«l,  »o 
at  to  prepare  them  for  Pint  (H/d^ny.  By  R.  BoHUjtr.  Pog- 
gend.  Ann.  18J6. — Ptnau  in  a  glaxoJ  aartbenwaro  or  porcolain  vot- 
8sl>  12  parts,  by  weight,  of  mercury,  1  of  zinc,  2  of  aulptiatc  of 
iron,  12  of  water,  and  1)  of  hydrochloric  acid  of  1*2  fp.  grav.,  then 
introduce  the  iron  or  steel  into  the  mixture,  which  v»  to  bo  boated  to 
obullitikw.  In  a  little  time  the  objects  become  covered  with  a  thin 
coating  of  mercury,  which  cnnblee  us  to  apply  immediately  the 
amalgam  of  goM  that  ia  used  in  the  gilding.  All  that  is  now  nccon- 
sary  is  to  apply  a  strong  heat,  which  will  drive  ofFtlio  mercury,  and 
tlifl  trace  of  xinc  that  may  have  attached  itaolf  to  the  iron,  leavitig  a 
Burfaoe  of  pure  gold.  By  the  ordinary  way,  it  becomw  necessary  W 
cover  the  iron  first  with  a  ooat  of  copper. 

8.  Xylitt,  a  new  Mineral.  By  M.  Hormann  (Jowfi*.  d'Erd- 
mtittn,  xixiv.  177). — Xylite  is  from  the  copper  mines  of  the  Ural. 
It  is  OKseutially  a  silicate  of  iron;  it  has  a,  deep  brown  oolour,  a 
fibroUH  iractare,  ipecifio  gravity  2*935;  hardness  inferior  to  oale- 
Bpar,  It  is  but  slightly  attaclced  by  acida.  It  contains  silica  44'06, 
peroxide  of  iron  37*84,  Umo  658,  magnesia  642,  oxide  of  copper 
1-36,  water  4-"0=99-96. 

9.  Antiawniate  of  Lead.  By  M.  Hermann,  (Jbum.  rtErtl- 
■nann,  xxxiv.  177)- — This  ore  is  from  the  di§tric^  of  Nertachinsk 
in  Riusia.  It  in  amorphous,  with  a  compact  texture  and  resinous 
lustre;  colour  generally  sulphur-yellow,  sometimes  greyish,  green, 
or  black  ;  specific  gravity  4*60 — 4'76.  It  consists  of  antimonic  acid 
81*71.  oiide  of  lend  fil-83,  water  6-4+  9. 

10.  Loxoeiatn.  By  A .  Brelkaujit,  {Phil  Map.,  August  1 846.) — 
Loxoclaeo  is  near  feldspar  in  its  characters,  and  comes  from  Ham- 
mond, in  the  Etsto  of  New  York.  It  is  distinguished  by  having  an 
oblique  cleavage,  parallel  with  the  long  diagonal,  though  not  always 
very  distinct,  and  from  this  its  name  is  derived.  Hardness  a  little 
nbovu  ordinary  foldspar ;  spc'cifio  gravity,  2*609 — 2'620;  colour, 
jrellowi^h-grey,  whitish  and  blui&h-grey.     It  has  the  geiieial  oryslMl- 
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line  form  of  common  fpld-ipar,  wHli  Ui«  u^l«  U.  T.  =  1S0*  Ifi. 
It  fuses  boforo  tlto  bli>wpi]i«  with  djffioully,  oml  bImiwh  in  tUe  «ut«r 
fliine  nn  int«iMi  mkU  rcocUMi.  Oon)po«iUDn,  aomrdniff  to  U. 
PliitUior,  Killc*  68'50,  aluniitm  '20-29,  uxidoot*  iron  0-BT.  poUA 
8-03,  soda  a-76,  lime  3-33.  wtkter  aBd  fluondo  of  silicoa  i-£3.  h 
oooiin  witb  pjrvxcaie,  firii]>hit«.  Mid  ciilc-«pai'. 

11.  Sativ*  Tin.  (jpuc  ^  Praekt.  Chr«t.  xxxtii.,  300), — A*- 
eording  to  HermMiii,  lUtliTc  tiii  ocuun  in  the  gold  wa^Iiinga  wf  tiie 
Unt,  in  Giunll  ^rey  meUUic  grains,  con;ainU)^  tUtra  «oma  lead. 

12.  Antgonitt  and  Caivtfiar.  {L'ImtitM,  No.  0&4,  Joly 
16.  1643,  p.  240).— MM.  Silbunniuin  and  P.  A.  Favre  lu»«  ar- 
rived at  the  conclusion,  that  tbeso  two  minerals  arv  isameric,  and  thai 
lh«  dimurphisni  o)'  cnrbonnto  ot'  lime  is  duo  tu  thix  primripk.  Tbe 
ftrngonite  is  shewn  tu  bo  tho  hijjliur  of  the  iaouiorio  wtapuumU, 

13.  On  lutite. — 111  nu  eUboratO  nteiiioir  on  ihe  mineni  lolile, 
including  it«  :^oToi-al  vuriotius,  M.  llai<lin};cr  iiliuwii  tluit  Um  (•>• 
called  mineral  &pL'oi<M,  PiniU-,  Fuliluiiiie,  Wotteitu,  Uroiuidorflilo  or 
Hydruua  lolite,  (.iigautolile.  ClilorcipLjrllite,  PnseoliW,  Ksmarkit*, 
and  porhnps  also  Oo«ito.  nro  only  nioUiphors  of  lolito,  Kriginf*  from  > 
ehiinge  of  composition  in  urysiala  vf  thin  apeviM.'  (^moWotm 
Jotinutl  of  Stitnot  and  jirtt.  Vol.  ii.,  No,  8,  3d  series,  p.  618.) 
AUoiPogy.  A»»al.,  1846,  Ixvit-  441). 

GBOLOOV. 

14.  Cocoa  Trtee  in  Stratijied  Sand. — It  wa»  on«  it'oJuolc,  rji.ij 
when  wo  re&chod  a  little  village  called  Pebia,  which  is  siWat«d  ub> 
tho  coast,  about  five  league  ui  tho  nvrth  of  the  mouth  of  tho  Rio 
San  Frandauo.    This  was  tlie  t«rmiimtion  of  my  »u&  vuyage,  &s  the 
hear;  surf  which  breaks  over  the  shallow  bar  of  thai  rit er  will  uot 
allow  jangadaa  to  «nt«r  it.     Tlio  village  is  situated  a  liltJ«  why  in- 
land, and  is  bidden  from  tlio  sea  by  a  high  embatiluneot  of  taod, 
which  at  ibis  place  is  very  luuch  drifted  by  tbe  wind ;  it  ia,  bow-  ■ 
ever,  recognised  at  n  considerable  distance,  from  tho  tmmbor  of  tall  V 
cocoa-nut  trees  whioli  grow  nisar  tbu  shore.     I  was  here  {>artioul>irly      ' 
struck  with  a  fact,  which  goes  a  great  way  to  explain  the  pheiMiud- 
non  of  n  stem  of  a  fostil  tree  being  found  parsing  through  seveisl 
strata  of  sandstone.     Many  of  the  cocoa-nut  tjrees  hare  tlieir  •torn* 
embedded,  to  the  depth  of  60  feet  and  upwards,  in  the  embaiikiBent 

of  sand  whicli  sti'etches  along  tho  shore,  ftnd  in  many  places  U  MT«r«l  .M 
hundred    feet    broad ;    some  of  them,  indeed,  are  so   doofJj    em-  f 
bedded,  that  thi;  nuts  can  be  gatlierud  withuut  climbiag  the  (rve. 
Now  a»  this  sand  has  accumulatod  at  different  periods,  ponieuiarly 
during  the  prevalence  of  tbe  north-east  trade-wind,  it  must  present, 
if  ever  it  becomes  hardeued,  a  vast  number  of  trn^ularly  borixon 


*  M>  Itnidin^qr  ritet  the  euggeslion  iniLdi<  hy  Mr    Dnim,  In  liii  MIn««]||jg_ 
ta  Kdil.  p.  30?),  that  MVtral  of  Ih«  above  enumrntvd  mlnrralt  ware  lUri^sdf 
fnu  the  ftllvNlion  of  tolite. 


t^  bods,  tliroitgh  which  the  Mems  of  tho  pKlmit  will  bu  founil  to  pu«. 
—{Trwrett  in  (A«  fntMVM-  of  Hratil,  bif  Gtorge  Oitniner,  p.  110.) 

t&.  JSrvption  o/Mo^tnt  Ihela. — The  Rofal  Aoidomy  of  ScienCM 
ftt  (i3ttin|;9n  petitionee!  tho  King  of  IlnnovN'  to  lenA  commiittiionfirs 
Into  Iceland,  u  die  government  expense,  Tor  the  purpose  of  obaerviiig 
this  phenomenon ;  and  two  difiCinj{ui»lied  geol'^iste,  Messrs  Berei 
ftnd  8<trtoritiii,  wcro  nuiiiinntud  Cor  that  duty. 

18.  Obtervationa  on  the  petrifaction  o/ Shell*  in  tke  Medittf 
rantan.  By  MM.  Mamil  dc  S*rret  and  L.  Fifftitr. — The  object 
pf  the  author*  of  thin  mumoir  in  to  prove  that  phenomena  arc  now 
(■kiivg  plaos  in  our  own  ^eu^.  altogether  eimilar  to  thoHe  which  faavu 
Itroduced  the  potritnction  at'  eholU.  They  kIiow  that,  in  the  doable 
relation  of  dicniicnl  compotition  and  mudu  of  petrifaction,  tho  NhelU 
preserved  in  the  bottom  of  the  wa,  are  in  every  resp«ct  like  those 
which  belong  to  tho  tertiary  fonnations.  The  diiference  which  oxi«t8, 
betwoeii  tho  moclo  of  .substitution  nt  pronont  tirai'i,  and  that  of  geo- 
logical tiinex,  eontiistB  in  ihiti,  that  the  petrifuuiion  found  in  the  liia- 
torical  epocii,  usually  present  a  more  crystalline  texture.  They  do 
not,  howo»cr,  bcconio  very  compact,'  til!  they  have  pnucd  through 
difiercnt  degrees-  Tlie  invciitigntione  of  MM.  Marcel  d«  Serres  and 
Figaier  have  related  ehielly  to  oysters,  peclens,  venus,  petuneuli,  and 
coraium,  genera  found,  at  tho  same  time,  proservod  in  tertiary  fof- 
mation*,  and  in  roecnt  bunks  of  ricers.  (Supplrmtitit  a  la  Hihlioth, 
Univ.  de  Giiniwc,  No.  6,  p.  421. 

17.  On  Slattf  Cleavage.— One  law  respecting  slaty  cleavage  was 
uinoiineed  in  lf)81,  hy  Professor  Sedgwick,*  and  is  now  well  known  r 
that  law  iK,  that  tho  cleavage  pianos  maintain  their  parallcJiim  oror 
extensive  areas  irrespuctivo  of  the  Tiiryinf;  position  of  the  beds  which 
they  cut  through,  or  of  the  mineral  clinractor  of  the  beds.  Another 
lew  mpooting  slaty  oleavago  was  deteete'l  by  the  aiitliort  in  the 
progress  of  his  tour,  and  is  the  following:  »u.  that  the  strike  of  the 
elcftvage  coincides  with  the  strike  of  the  bedding,  whenever  the  hitter 
eontinuoii  uninterruptedly  the  same  for  a  oonsideraUe  distance  ;  but 
when  the  strike  of  tJie  bed  is  inconstant,  and  shifts  at  short  intervals, 
then  tho  cIoavAf^  planes  hold  their  coiirsi?  rigjit  on,  irrespective  of  the 
nrying  position  of  tho  planoR  of  bedding  ;  in  other  words,  thnt  the 
■tifka  of  the  cleavage  coincides  with  tho  prevailing  strike  of  the 
beds  in  each  district,  and  does  not  vary  with  the  suboi-dinale  and 
local  irregutaritief  in  the  strike  of  the  beds.     Whence  it  follows,  that 


*  UmI.  Trans..  2d  eerlos.  vnl.  ii)..  i>.  lS8.  .      ,   .   . 

t  Wliil*  th«  KUIlior  WU8  dtMAliig  ttiU  caucluiiioii  froB^  Ul Obinrvatlon)  Lu 
Wains  ■  iicurly  tiimlUr  Uvi  wm  nnnoiinfeil  to  th"  itrilUt 'JUitMatlon  it  Cork, 
ky  PnxftHor  rhilllpt.  In  ttier«ll"wingt'rni*: — "Th«oIavng«  plan«»ortliT  tXMv 
nolu  of  Korth  Wului  uro  ulwavj  puiiLllel  to  Cbo  main  dirBCIion  of  Ih«  groal 
■DlicliniU  uli.  but  am  itiit  aflcctuil  \iy  i\\o  fmBll  undulntloni  or  cuolortioiu  of 
UiM*  linH*.  til  \iirt.h  Wxlot  the}'  inuintuin  tho  luniD  ilirocticin  Tiir  SO  niilKf. 
not  rtrying  niorv  thno  2  or  3  di-grscs.''     {f^<^  Athro«iim,  34  t^pismher  1943,) 
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.,_>  strike  «f  tli*  clekrag*  io  ■  dintriot  Is  inmre  uonsUat  aod  ngulv 
[tban  the  tlrik«  ot  tlu  beds. — (QiMi/ftrily  Jowmal  of  the  (Jtohgitud 
|«9«M(y,No.  7,  p.  309.) 

80TAMT. 

18.  On    tkt  Production  of  VaniUa    m  f'tiropf. — In   roank; 
Ixiahjr  plnciM  on  lhi»  journey,  I  xaw   miaj  plants  of  ihe    Fowft 

^flani/btia,  tolduni  boftring  floaters,  and  mora  raiel)'  producing  fruii 

pit  hu  now  beon  utisraccorily  dotomiinod,  iliat  this  is  tho 

from  wWb  tlic  tnio  totiilln  uf  oomrocroc  ix  procured.     In  Hex* 

it  in  cxtviMivdy  cultivAUxI  fur  the  aaXa  of  its  fruit,  which  it  jieli 

I  tbuti'lniitly  :  while  tbo  plants  which  hnvc  beon  introdueod  into 

'  £iL»t  Indies,  luid  tlie  hothoutos  of  Europn,  tliough  thcjr  have  fi 

I  quvntljr  producvd  fluwcrii,  have  very  selduin   perfected  their  fndi 

!  Dr  Morr«ii  of  Li^ge  was  the  flrtt  to  itudy  uttfiiitiroly  the  n&to: 

I  hiNtory  of  this  ptnnl,  and  to  provu  <-xpcriiuMitii]Ij  [hat  the  fruit 

I  Uiu  Vanilla  oiay  be  as  freely  produced  iu  our  liothouBM  aa  it  id  i 

I  Mosico.     lie  hiu  discoverod  that  from  some  pcculifirities  in  tlw  n 

t  productive  orgoiuiof  ihix  plant,  artUiciat  fn^cundatioii  i)^  rvtiutred. 

the  JCKT  1830,  *  plant  in  oou  of  the  hotllOu^ol>  iii  tliu  butaoio 

at  Li^e  produced  fifty-four  flowers,  which  having  been  ftTtJ 

fecundated,  exhibited  tlio  Mtnic  number  of  pod»,  quite  G<iual  to 

iinpurtud  from  Mvxicu  ;  and,  lu  1837(  a  frmdi  crop  of  about  n  btiii' 

dred   puds  wua  ubtained  upi^o  another  plant  by  the  same  metbod, 

Uc  attributes  ttio  fecundation  of  tho  plnut  in  Mexico  to  the  action 

I  ia««ct  which  frequents  the  flower ;  aiid  benco  ooooants  for 

DD-productiun  of  fruit  in  those  plants  which  Imvc  been  renvoved 

other  countries.     There  can  be  no  doubt  tJiat  tliis  pUtiit  h  on 

f«ctly  indigenous  to  lirazil  as  it  is  ta  Mexico;  but  it  is  no  leat 

lain  that  il«  fruit  is  there  seldom   matured.     Is  thit  aba  to  be 

tribuled  to  tlie  absence  of  the  means  by  which  nature  it  mippoMd 

•ffflct  fecundation  in  Mexico  \     This  is  a  subject  which,  at  ProA 

I  Morrcn  justly  obeerves,  well  deserves  attention  in  acomroorcial 

I  9f  view,  since  hia  experiments  go  to  ^rove  that  in  all  interti 

OountrioB  vanilla  might  be  cultivated,  and  a  great  abuodanoe  of 

obtained.*— {TVauefs    in    the  Interior    of    Brastl.      Btf    G 

Gardner,  p.  296.) 

19.  PAofphorciccnl  fundus, — One  dark  night,  about  the  bi  _ 
ning  of  December,  whiio  passing  along  the  streets  of  the  Villa  dft| 
Natividade.  I  observed  aomL<  boys  aniUBing  themselves  with  rooi* 
luminous  object,  which  1  at  first  supposed  to  be  a  kind  uf  large  fire- 
fly ;  but  on  making  enquiry,  I  found  it  to  be  a  beautiful  phosphi 


*  Sm  TreCMOr  Slorrcn'i  papor  "  On  ttt«  rroduellOD  oT  Vanilla  in  Earopa,'^ 
Id  Taylor'i  AnnaJn  of  Suluinl  lliiitiiry,  viil.  iii.,  ji.  1. 
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unt  funguti.  belonging  to  ih^  genni  Affarima,  and  was  told  that  it 
grew  abundantly  ta  the  noighbiwrhood,  gn  tUa  decaying  leaves  of  a 
dwarf  palm.  Next  da;  I  obtninoil  a  great  many  spocinieaii,  and 
found  tboin  to  vary  from  L  to  2j  inches  ncrosK,     The  wbole  plant 

fives  out  at  oighl  a  bright  phuapboriscL-nt  light,  of  a  pale  greraish 
QCi,  similar  to  that  emitted  by  the  larger  fireflies,  or  by  those 
curious  soil-bodied  marini?  animals,  the  Pyrvfomir.  From  this 
oireumstauce,  and  from  growing  on  a  palm,  it  is  called  by  tlie  in- 
habitants "  Flor  do  Coco."  The  light  given  out  by  a  few  of  chose 
fiiiigi.  in  ft  dark  room,  was  sufficient  to  road  by.  It  proved  to  bo 
quite  a  ii«w  gpecii-s;  and  einue  my  return  from  Brazil,  baa  been 
deecnbed  by  the  llov.  Mr  Berkeley,  uiidt^r  tlie  name  of  A'jaricut 
Oardnori,  from  proierred  speeimens  which  I  hnvo  brought  homo. 
I  bad  already  naoiod  it  A.  phoJiphorttcem,  not  boing  awai'e  at  tlie 
time  1  discovered  it  tlist  any  other  tpecies  of  the  same  genus  exhi- 
bited a  similar  pliemomeiion  ;  such,  hownvor,  is  tho  case  in  the  Apa- 
riou*  Oleariui  of  Do  Candollc;  and  Mr  Drumtiiond,  of  the  Swan 
Kirer  Colony,  in  Australia,  Ims  gism  un  account  of  a  very  lai'ge 
phosphorescent  species,  occasionally  found  there.*  —  (GardMr'g 
IVumU  in  the  Interior  of  Brasil,  p.  346.) 

20.  The  Cldrimoya  (Anona  fri^doJa),  the  mott  delieioits  of 
fruiti. — Of  tropical  fruits,  the  nunibor  is  not  so  great  in  Peru  as  in 
tho  more  northerly  district  of  Guayai^uil.  But  there  .'tre  somo  Pe- 
ruvian fhiitt,  tho  delicious  flavour  of  whiuh  cannot  be  excellod.  One 
of  thete  ia  tin;  Cbirimoya  (Anona  tripetaia).  Uauke,  in  one  of  b!B 
lottoTB  calls  it  "a  ma«tcr-work  of  nature."  It  would  certainly  bo 
difficult  to  name  any  fruit  possessing  a  more  exquisite  flavour. 

In  Lima  tlio  diirimoya  is  comparatively  amall,  often  only  the 
aiie  of  an  orange.  Those  who  havo  tasted  it  only  in  Lima,  can 
form  but  a  very  iniperfoct  idea  of  its  excellance.  In  Huanuco,  ite 
indigenous  soil,  it  grown  in  tlic  greatest  porfeotlon,  and  often  attains 
tho  weight  of  sixteen  pounds  and  upwai-dj.  The  fruit  Is  of  roundisli 
form,  8on)otim0B  pyramidal  or  heart-shapod,  the  broad  base  uniting 
with  tie  stom.  Externally  it  is  gi'eoii,  covered  with  small  knobs 
and  GcaleSj  and  often  has  black  inai'liiugs  like  not-work  spread  over 
it.  When  the  fruit  is  very  ripe,  it  has  black  spots.  Tho  skin  is 
rather  thick  and  tough.  Internally  tho  fruit  is  snow-white  and 
juicy,  and  provided  with  a  number  of  small  sced»i,  well  covered  with 
a  delicate  substance,  The  ehirimoyoa  of  Iluanuco  are  also  distin- 
guished froni  those  of  the  coast  by  having  only  from  four  to  six 
seeds  ;  whereas,  on  the  ooael  they  are  found  with  from  twenty-five 
to  thirty.  The  question  as  to  what  the  taste  of  this  fruit  may  be 
compared  with,  1  can  only  answer  by  saying,  that  it  is  incomparable. 
Both  tlie  fruit  and  flowere  of  the  chirimoya  emit  a  fine  fragrance. 
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which,  wtieii  Uiti  u«e  b  oor«rad  with  MuosoniB,  ••  m  Strang  w  t«  b* 

I  ftlmoat  <»T«r|](iw»ring.     The  trw  wliicb  beats  tliio  Bui»4  of  ah  frutU 

u  from  SfWn  to  twvntjr  foct  higit.     It  biu  a  brood  Hu  top,  tad  ia 

of  R  p»lo  gr«eii  edloar.—^Travtlt  in  /'rru,  by  J.  J.  Vo»  TfJiudi, 

p,  185.) 

21.  li^fiHro/DaturatauffnatvM,  R,  Pav, — To  tbtcpUnt  tbenati' 

igite  tbe  oniJiuB  Huafaoachu,  Ytrba  d<  Huaa,  or  B^baehtvoj 

[tli«j  prepare  from  Ju  fruit »  very  powerful  naruotio  driiik,  called 

'  Tho  IndiAai  bdicvu  that  bf  drinking  tboWn^thoy  nro  brougta  I 

I  eominuiiicAtiuii  will)  tbe  >pii'ita  of  tlioir  forufatben.     I  odco  bad 

^ttpportonily  of  observing  on  Indian  undt-r  the  liifluenoe  of  tbii  dri: 

'  Bbortly  aiUr  baving  xwnlluwi-d  tlio  bvTvrngo  lie  fell  into  a  lisa' 

•tupor :  be  Hat  with  bia  eye*  racauily  fiatid  on  tbe  ground,  hU  mou' 

I  c(iiiTuUiT«<ty  cloned,  and  bis  noHrila  dilated,     lu  tbe  courso  of  aboui 

^uarirr  uf  nn  bour  his  ey«t  began  to  roll,  foam  issued  fruiD 
I  half-upened  lipn,  and  liii  wliolo  body  wa«  agitated  by  frightful  con 
pulsions.  These  viulent  eyinptoms  having  subsided,  a  prafiind  sloe[ 
of  KTTorul  buura  suraeeded.  In  tbe  eveuing  1  ogain  saw  this  Indian, 
I  He  was  relating  to  a  ciruie  of  attentive  listener*  tbe  particulars 
ibis  ?isioo,  during  winch  he  alleged  he  bsd  held  comiuunicatioo  wi 
[tho  Rpirita  of  tiis  forefaihorK.  He  appeared  nrj  weak  and  oX' 
Ibawtod. 

Ia  former  tiniea  the  Iiidiau  soreererB,  nhon  thoy  prMeoded 
transport  themselves  into  the  preseoce  of  tbeir  deities,  ditatk  tb* 
Juico  of  iho  thom-nppio,  in  ordor  to  work  theniielres  into  a  state  of 
<cKasy.     Though  tlie  establish  men  t  of  Christianity  has  weaned  tlia 
'  Isdiuiis  from  tbeir  idolatry,  yet  it  has  not  bauisbcd  their  old  &upe: 
■titlons.     Tbey  slill  bcliorc  thol  tlioy  can  bold  cemtuunioation  with 
tbe  Kpiritii  of  their  aiieestorH,  and  that  tticjr  can  obtain  from  theiu 
I  due  to  the  treasures  concealed  in  tbe  huaoas,  or  graves  ;  bvnca  tlM 
Indian  name   of  the  thorn-apple— ffwocontcAu,  or  grave^lui 
(TravtU  in  Peru,  t,y  Dr  J.  J.  Von  Tiseftudi,  p.  269.J 

ZOOLOGY. 

22.  On  the  Flight  of  thr  Flj/lmj  Pith. — In  those  latitudes,  tt 
also  curious  towatub  the  flight  of  the  llying-RsbeK  (Exotettu  volitant), 
whole  shoals  of  which  rose  quite  close  to  the  ship  ;  and  I  have  per- 
fectly satisAed  myself,  not  only  on  this  occasion,  but  during  the 
tereral  limes  J  hare  crosisod  tho  octnn,  that  they  make  use  of  their 
pectoral  Rns  as  wings,  dining  the  time  they  remain  above  water, 
This  fact  I  was  partiuiilarly  desirous  to  nscortain,  ns  Cuvier,  and  nil 
other  authors  I  liare  consulted  on  the  subject,  except  Humboldt,  deny 
that  thin  ib  the  case.*     The  dJatauce  to  which  tbey  9y  is  sometimof 


1 


*  The  following  is  thv  ftntfnionl  of  Knron  l.'ui  i«r  : — "  Leur  vol  o'eat  jsmaitl 
bleu  long  i  «'<Uitnt  |>our  fiiir  lot.  pol^iont  vorncei.  lis  relembrat  bieatfit,  pin* 
rUe  lean  allee  ne  IturKervent  que  ile  pu-sebutea."— £(  Kiynt  .Inimat,  tone  f 
.  K7,  Edit.  18». 
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rerj  short ;  at  others  I  have  watched  them  skimming  ftlong  till  tli9 
eye  ftlmost  lost  eight  of  thorn.  I  should  say  that  thoy  (roquenllj  ei* 
tend  tlieir  fl^lit  to  300  yards.  Tho  height  to  whioh  llicy  rive  aboro 
die  surfaoe  of  iho  sea  does  not  usually  exceed  3  or  4  feel ;  but  tlutt 
tJicr  rise  higher  is  w?ll  known,  from  the  fact  that  they  not  unfre- 
(jm-nt.ly  fly  on  board  ships,  which  are  froiu  10  to  Ifl  fuel  out  of  tbo 
wittier.  When  the  sea  in  citltn,  th^y  sboot  along  on  the  same  pUne, 
lilcpftn  arrow,  and  the  impulse  thuy  acquire  on  leaving  the  water, 
appenrn  to  be  that  alone  which  impels  tliem  onward.  The  first  lima 
I  discovered  that  they  cortainly  use  their  6iis  as  wings,  was  une  day 
whon  a  raiher  high  swell  wuk  running  ;  a.  good  many  fish  were  rising, 
but  not  in  great  numbers  at  a  time.  Solitary  individuals  could  be 
followed  by  the  eye  to  a  gi-eat  distance,  but  during  their  progi-esa  they 
did  not  koi^p  on  the  same  plane,  nor  did  the  course  of  their  lligbt 
form  the  segment  of  a  circle,  but  they  could  most  distinctly  be  seen 
nsing  and  falling  over  the  heavy  swell,  keeping  always  at  about 
the  came  height  above  the  water,  just  as  a  bird  would  do,  the  alba- 
trasa  for  example,  when  skimming  along  b  search  of  food.  The 
only  time  I  ever  jaw  distinctly  the  fins  moved  in  the  manner  of 
wings,  uas  in  the  South  Atlantic  Ocean ;  one  beautifully  clear  day. 
when  we  were  running  quietly  along  under  the  inflnencc  of  a  light 
breeze,  sevorai  tiir^'e  dolphins  were  playing  about,  one  of  which  we 
saw  give  chase  to  a  Hying  fish  ;  the  latter  rose,  but  iis  (light  was  foU 
lowed  by  the  dolphin.  It  fell  close  to  the  ship,  and  in  attempting 
to  rise  again,  the  impulse  was  not  stifHcient  to  throw  it  completely 
out  of  the  water  ;  it  flew  along  with  its  tail  nearly  out  of  the  sea, 
for  about  a  yard,  when  it  fell  a  prey  to  its  pursuer.  Several  of  th» 
other  passengpi-s  were  watching  it  alfio,  and  by  all  of  ob  the  largs 
fias  were  seen  to  he  worked  wilh  great  rapidity.  I  s^ee  with  Hum- 
boldt,* that  these  fishes  do  not  always  ri.se  out  of  the  water  to 
escape  from  tlieir  enemies,  at  they  often  spring  up  close  to  ships  when 
there  are  no  signs  of  large  fishes  being  near.  Why  should  tho  flying 
fish,  having  the  power  to  do  so,  not  enjoy  a  flight  in  the  air,  quite  as 
much  na  the  duck  does  a  dive  under  tlie  water,  or  land  animals  the 
luxury  of  bathing  ? — (Gardner'^  Travels  in  the  interior  of  Bra^l, 
p.  665.) 

23.  OnteOffTdphii .  or  Ii-ojKif/raphii:  degeription  of  the  Skeleton  and 
Dtiital  Sf)Mitfi  of  lh<  Five  Vlasitr*  of  Vertebrate  Animalt.  St/  At. 
Duarota^  de  lilai«i-i!l/i,  2(}th  faacieulaa ;  Genut  lfki«oceros. — M,de 
Blainville  has  published  the  twentieth  part  of  his  groat  work  on  the 
osteography  of  tho  vertobrat-fc.  This  number  contains  tho  hisioiy  of 
rhinoceroses,  which  had  great  need  of  being  elucidated  by  a  judicious 
critic,  and  a  comparative  observation  of  the  numerous  materials 
which  exist  in  tho  diflorent  European  collecCions.    The  rhinooeroMs, 


*  PwwQ^  MarratiyOf  Tol.U.rP- is. 
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to  (Im  tire«ks  provioua  to  tbe  Koniaii  couqaeaU.  eitat  u 
our  day  odIj  in  the  «*rmer  rafpaoi  of  tli«  old  continent  j  but  Hbn} 
hav*  bwn  found  in  m  foml  ctatc  in  a  niulutudu  of  £ur<^>Mtn  locftli- 
tiM,  utd  tbuir  reinuiiB  have  been  <l«ecril>ed  b/  uum«roua  autfaan. 
ThcM  aniinals  form  so  ilutinct  a  ^(cnus,  tKal  wq  rarely  find  9mn 
ui  the  genorie  iloli.'rtniiuition  of  their  tWil  hoac*  ;  hut  the  com  it  dm 
Uw  nmo  with  regard  to  tti«  diMrinination  of  opMlox.  If  we  adopt 
■a  real  all  that  havo  been  indicated,  vo  laaat  beliere  that,  duciiw  lli« 
ONulasion  of  tho  tertiary  epoch  and  thu  oommcnconicnt  of  th»  dilu- 
rian  o])od),  at  leaU  e^litoMi  apeoies  of  rhinoovrM  inhabited  £u/»pi) ' 
Ext^nsire  rceearehas  continued  ilurinj;  throe  year*,  and  the  wmf^ 
riaon  of  a  gi-eat  qiianlity  uf  bmicis,  hare  convincod  M.  Btainville  tint 
tho  iiuinbeT  must  be  grtatly  reaCricted,  and  tbat  the  greater  part  0/ 
thene  specisR  had  been  ovtablbhad  without  8uE&ci«nt  grouods.  We 
nhall  not  nltompt  to  give  in  (liiB  place  an  estnet  of  tho  nunierout 
anatotiiiual  aiid  odoutogruphic  details  eoutaioed  In  this  volumiuoui 
neuioir ;  ne  shall  merely  point  out  the  principal  oonduaion  to  wltiob 
thekanHMl  author  haioomo  to  with  regard  to  tJio  number  of  fpcciei, 
and  dieir  geographical  and  geological  diBlribution. 

M.  de  Blainvillo  admits  five  living  qieoiesaB  inditputabte  ;  two  of 
which  are  African  :  ttiu  rhinooeroa  of  the  Cape  (fiA.  6iwrw«),  aiid 
the  caniuH  rhinoceros  of  Southern  Africa  (Rh.  jrimiM)  ;  three  are 
A&iatic  :  tlio  rhinoceroB  of  India  (/f/t.  vnioomw),  tbe  rhinoceros  of 
Java,  with  ow  horn  and  g  inci«urK  (ith.  Jmiamti),  and  thatof  So- 
luatru,  with  two  horns  and  probably  if  iiiaiiiorH  (Rh.  Sv/tniotrawi*)- 
Some  uuihora  'listiiigulsh  two  other  African  species,  whkh  MJe 
Blninville  con&id«rs  imperfectly  chamcleriitcd.  Some  aeconaU 
would  likewise  lead  us  to  beUeru  in  the  exlstenvo  of  a  rhinuoeroe  ia 
Africa  wilh  one  horn,  which  would  form  another  species  ta  be  addej 
to  the  preceding. 

Among  the  foasil  rhinoceroses,  M.  de  BlainvUlu  admits  but  thret 
Kurope&n  species  as  certain.  The  first  is  the  rhinoceros  with  parti- 
tioned no«ti-ils  {Rk.  tiehorhinut).  This  ipooies,  deOitufi  of  iritti»ur>, 
bad  three  toes  on  each  foot,  the  cranium  olongatod,  the  no*trila  »• 
paratod  by  a  bony  partition ;  ita  nose  was  provided  with  two  bows; 
its  nioliki'«  apjiroadiod  those  of  the  RhinoccriK'  cnnius,  ita  bones  wm* 
eliort  and  strong,  aud  its  body  covered  with  hair.  M.  de  BUinrilla 
remarkH  on  this  Kubject,  that  those  hairs  bavo  soinelimes  been  erro- 
neously described  a»  fnj'niing  a  long  and  thick  fur.  but  at  most  th^j 
did  not  esoocd  three  lines  iu  length.  Jili.  lie/iorhinws  is  found  in  : 
dopoi^ils  formod  during  the  diluvian  epoch.  It  is  probable 
inhabited  Siberiit,  aii<l  tJio  gruitter  part  of  Europe.  This  is  1 
oies  which  lias  boi^n  fuiind  preserved  in  the  Ice  of  tbe  Kottb  of  jj 

The  Mocond  spectDN  is  the  rhinoceros  with  nosti-ils  not  partit 
(Rh.  Upi^rhinuit),  which  Imd  peraisteut  inctaors,  but  concealed  in  ' 
Ipims,  three  toox  on  each  foot,  two  horns,  an  elonMted  cranium,  and 
slender  honei.     Wo  iiiuat  unitu  with  it  the  RA.  Mott*]>CJntU:inuii  of 
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M.  <lo  Serras.  and  indj/arAinu*  of  ChriHtol.  Thix  iiKicies,  wliiuli  in 
oot  80  well  cbanctoriMd  as  the  preceding,  Lou  lecii  fuunt]  chiefly  u> 
tbit  superior  UrtiKries  of  luily  uiti  tho  South  of  t'ranuo.  M.  do 
Bltiinvilla  likcvriae  refurx  the  boiiox  found  in  cnvomE  in  the  Soudi  of 
Ttnux  to  Rh,  liehorhtnut,  while  iliose  of  tlie  North  and  «f  BtJgiun 
contain  only  the  retn&ins  of  tho  proooHing  specit-a. 

The  third  species  is  the  rhinuceros  with  iiici«or>  (JtA.  ineiiiiiu}, 
characterised  by  }  aaiient  iuciaors  in  the  two  j»wi«,  four  toes  on  tho 
Anterior  foot.  Snt  nietatarxi,  l^c.  It  wonld  itppiur  that  tho  male 
hore  two  horns,  and  thnt  the  feinnle  was  de^tituto  of  these  append- 
ages. The  latter,  for  this  reiuon,  hiu  beeu  laaAe  the  type  of  the 
j[«nuB  Acerothei-iwm  of  M.  Kaup.  The  S/i.  ina«ii<u«  is  found  in 
the  middle  t<xtiary  foiTnatioiis,  and  has  bocn  described  under  waiiy 
names.  It  will  pi-obably  be  found  necesHary  to  refer  to  it  all  the 
apeeies  found  at  Eppekhoim,  such  as  the  R.  Goldfatiu,  Sehlt-yer- 
maaliitrt,  IKcrckii,  Ate.,  all  those  found  at  Sansan^.  thoxo  of  Avaray, 
of  MobsM,  and  Auvergne.  described  under  the  names  of  dattu,  &»,, 
tho  R.  mtnucun  of  Curier  found  in  lhe/i/un».  &c. 

With  regard  to  the  fossil  species  found  out  of  Europe,  M.  de  Blain- 
'viUe  mentions  a  rhinocoroH  diiicovered  in  the  tertlurius  of  India,  and 
wbieb  perhaps  does  not  differ  from  R.  uniccmi*.  The  pretended 
rhinoceros  of  the  Alleghonys,  has  been  deacribed  from  a  body  which 
is  altogether  artificial,  and  is  a  groBs  imposition. 

In  abort,  rhinoceroses  have  not  existed  'luring  the  whole  oom- 
mencenient  of  tho  tertiaiy  epoch,  for  the  euctue  formations  yield  no 
trace  of  them.  They  hnve  appeared  for  lie  first  time  in  tlie  middle 
or  miocene  period,  during  which  the  B.  t'ncwtciu  has  inhabited  the 
gre&ter  part  of  Europe.  Towards  the  close  of  the  tertiary  epoch, 
tbis  species  has  been  replaced  by  the  Rh,  leptorhinas,  and  during  the 
diluTian  epocli,  it  is  the  Rh.  tichorhitua  which  has  been  the  roost 
abundant  and  most  widely  diffused.  In  tho  present  day,  rbinoce* 
loeos  do  not  exist  in  Europe,  and  are  only  found  in  the  warmest 
oountrios.  We  find  two  (pei'haps  three)  spocios  in  Africa,  onespe- 
lues  in  Continental  Asia,  and  two  in  the  Sunda  Islands.  America 
and  Now  Holland  hare  not  any  at  present,  and  do  not  appear  to 
have  possessed  any  in  the  epoch  anterior  to  our  own. 

With  reepect  to  i.ho  zoological  relations  of  the  Bpecies,  we  may 
form  them  into  three  groups.  The  first  will  contain  the  Rh.  bicor- 
NU  and  timuf,  among  tlie  living  speoios.  and  llc/iorhhim  and  iqttor- 
AJfiHC  among  the  fossil ;  tho  second,  the  living  rhinoceroses  of  Asia ; 
and  the  third,  the  fossil  Rh.  iiicisivu^. — (Supplement  a  la  Biblioth. 
Univtr.  de  Gmeve,  No.  8,  p,  434,) 

24.  TA*  Condor  of  the.  Cordillera. — In  these  steril  hoiglil*  nature 
withhold)!  her  fostering  iiUluence  alike  from  vegetable  and  animal 
hfu.  The  Bcaiitiest  ^vegetation  can  Hcarcely  draw  nutriment  from 
the  ungenial  «oil,  and  aniraaU  »hun  tlie  dreary  and  shelterlesn  wilds. 
Tho  condor  aloii«  tiudK  itself  in  its  native  clement  amidst   tlioeo 
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WMinuinoua  dowrU.  On  tl)0  iiiMMMCblo  tummiU  of  Ih*  CoiAOm 
thM  bird  biiild«  it»  lumt,  ami  li»teli««  iu  young  in  tlie  months  of  Ajiril 
utd  Muj.  Few  animals  have  attftincd  si>  tiniv^rMl  a  Mlebfity  u 
the  condor.  TLnt  bii'<l  was  known  in  Europo  at  ■  period  when  kii 
nativo  land  vta  niimbnred  among  iboM  fabulous  regions  which  »n 
re^rdcd  as  the  itceaea  of  imaginary  woudera.  The  moiit  oxtrava- 
«nt  aeconntn  of  tlto  i:i>ndor  woro  written  and  rood,  and  general  tee- 
oonoo  wMgrantH  to  i-vDiy  storj  wkieli  travrilera  brought  from  ih* 
ttirj  land  ofguM  and  silrer.  It  waa  only  at  tho  oommonoemonlof 
th*  prraml  c«nttir/ that  Humboldt  overtlircw  tli«  estravaj^t  no- 
tions that  prcviuiMlf  pr<n-a)led  respecting  the  siu,  sUength,  an4 
balrils  of  that  vxtraordtnarjr  bird. 

Tho  fiiU-grown  condor  moasuron,  from  th«  point  of  the  bealc  to  th< 
end  of  ill*  tail,  from  four  feet  ten  Jnelie*  to  five  feet ;  and  from  the 
tip  of  wiie  wiiiff  to  the  other,  from  iweWe  to  thirteen  f<wt.  Thi» 
bird  ftiods  chiefly  on  t-nrrinn;  it  is  only  when  impelled  bj  hunger 
tint  be  seixei  living  aoimali,  and  even  then  only  the  small  and  de- 
faneelMM,  such  as  the  youn^  of  «heep,  vicunas,  and  llamas.  He 
eiuinot  raiKo  gr«at  weights  with  his  feel,  which,  however,  be  ttnei  to 
aid  tlie  power  of  Ins  beak.  The  principal  utrength  uf  theoondortiet 
in  his  neck  and  in  his  feet ;  yet  he  cannot,  when  flying,  earry  a 
weight  uxocoding  eight  or  ten  pounds.  All  accounts  of  di«ep  and 
c&lvM  being  carried  off  by  oondon  arc  mere  exaggeratiooa.  Tbis 
Inrd  passes  great  part  ofUie  day  in  »1eq).  and  hovers  in  quest  of  pr«f 
chiuSy  in  tho  morning  and  evening.  WhiUt  soaring  at  a  height  be 
yond  llie  reach  of  human  oyc)!  thi>  Mhnrpsightod  condor  disocmi  fii 
prey  on  the  level  heights  beneatli  bim,  and  darts  down  upon 
with  the  fwifcnesfi  of  lightning.  When  a  bait  i«  laid  it  is  curi 
(•>  obeene  the  numbers  uf  oonden  which  Asacnible  in  a  quarter  of  an 
hour,  in  a  »pot  near  which  not  one  had  been  proviouitly  risible. 
lliexii  Ijii-ds  pijssc'K*  tho  senses  of  sight  and  smell  in  a  singularly 
powerful  dejfrue. 

Some  old  ImvelleM,  UUoa  among  others,  have  affirmed  that 
pluniag<t  of  ilio  condor  is  iiivulnciable  to  a  mnsket  ball.  This  a' 
surdity  is  scarcely  worthy  of  contradiction ;  but  it  is  nevertheless  tri 
that  the  bird  lias  a  singular  tenacity  of  life,  and  that  it  is  seld' 
killed  by  tirc-ai-ms.  nnles^  when  glioi  in  some  vit4i)  part.  Its  plu- 
ouge,  particularly  on  tlio  wings,  is  very  strong  and  thick.  "Hie 
natives,  tberet'ore,  soldom  attempt  to  slifWt  the  condor;  they  usually 
oat«li  liini  liy  traps  or  by  the  lasso,  or  kill  him  by  stnni;*  flui^  from 
slings,  or  by  the  Jiola*.  A  curious  method  of  capturing  the  co; 
alive  is  practised  in  tlie  province  of  Abaucay.  A  fresh  cow- 
with  some  fragments  of  llesli  adhering  to  it,  is  uprcod  oot  on  one 
the  level  heignTs,  and  an  Indian  provided  with  ropes  creeps bencalli 
whilst  some  otburs  Ktatiun  themfolveR  in  ambush  near  the  Rpot  ready 
to  assist  him.  Presently  a  eondor,  attraetrd  hj  the  smell  of  the 
Reah,  darts  down  upon  the  cow-hide,  and  then  tJie  Indian,  who  it 
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iMnt>eal«d  miller  it,  »eita%  the  bird  by  the  le(;B.  tuid  binds  them  fa«i 
in  the  skin,  lu  if  in  n  bftg.  t'h"  napiumd  condor  flapt  hin  wing*. 
AQi)  mako«  inttlTt'i^Uial  iiil(!ni|iU  !■>  dy  ;  but  hi'  w  Hpeijdily  neourad, 
sud  earned  ui  uiiimph  tu  tlit-  ncaroKt  villa^. 

Th«  Indians  quote  nunici'ciuk  iniilniinrM  of  youti);  t?hildim  hBvin|t 
boon  attaokoil  by  condurx.  TIt&t  tlivnu  birds  ari-  noitiutiniiu  i-xtri-incljr 
fierce  is  very  ueitaii).  The  t'ollowini^  orciiiTcnpu  cainii'  witliin  my 
own  knowl«dgn  wlnUc  I  wn«  in  I.iinn.  [  bud  n  ondur,  which,  when 
be  first  ouniu  into  my  jioiwesnii'ii,  was  very  young.  To  [irer«nl  bin 
i!9Cft[)e,  as  aton  oh  he  waa  ablu  li>  Ay,  h^wiu  taoiencd  by  the  lt<;^  to  a 
clwiii,  to  which  u'BA  atlnchfd  n  piece  of  iron  nf  about  HI  pounds 
w(-iglit.  III!  hod  n  Ini'gii  i.'»ui-t  to  ran^e  in.  uid  h'-  dragged  tint 
picco  of  iri>n  about  iifl«r  hitii  all  day.  When  be  was  n  yeur  uud  a 
hali'  oW  he  tk'w  nway,  with  iho  nhuin  and  iri>n  attnchiid  in  bis  log. 
und  pL'crhiil  nn  tb«  spii'c  oC  SMiit«  Toinak  wheoct?  he  vtn^  ^can-cl 
Lniiy  by  the  cnrriun  hawkii.  On  aliinlitinff  in  th«i  Ktrei<t.  a  negro  al- 
Vtonpted  to  catch  him  for  ihi>  pnrpojic'  ■>(  bringing  him  homo  ;  upon 
which  ho  J!i-i/i»it  tJi«  pant  Rr<«turo  by  tin-  Mir,  Mini  tore  it  conipluioly 
oiF.  Hu  then  att«di<.'d  «  tdiUd  in  the  stroirt  [a  negro  boy  of  throe 
years  old,i,  throw  him  on  tho  gronnd,  and  liiiack<;il  hini  on  tha  head 
8'<  SBToroiy  with  his  beak,  that  tin-  child  'tied  in  consequoncn  of  thi; 
injuriuv.  I  ho|)t<i]  lu  have  l>ri)tight  l.tiin  bird  oMiv  to  Kurope :  but 
after  being  at  soa  iw'>  months  on  onr  hnineward  royago,  ho  died  on 
board  the  ship  in  l.ho  latitude  nf  Montr-  Vi'lc^O.—^yj-nDc^  in  Ptm, 
fry  J.  J.  Vun  Ti'ihudi,  p.  3U0,} 

26.    Auatomici'l  Hentaf.hf.s   on    th.:  Hr'dlinncij  of  the   Eyt» 
IK    Certain  VtrUhr-tt'i.      Jiij  E.   firuch.-   IMillter'f  Ar^'liiv,    1845, 
p.  387- — JI-  Briickc,  in  a  pniooding  Munioir  {M'iill.  Aivhiv,  lti44), 
id  endeavuurt^d  to  di^cuvcr  th?  uiie  of  the  fidtownelf  of  the  re- 
It  is  known  that  distant  virion  rcsnit.ii  fi'otn  this,  that  all 
M  of  light,  onmnnting  fi'oni   a  point  of  apace,  ga&in  ooji- 
a  point  of  tlie  reiiua.      In  >>r<}er  to  satisfy  this  condition, 
iKOMary  that  the  luminouH  rays  wbiuh  have  travorKi'd  the 
expansion  of  tlio  optic  nurvit  sliould  either  he  i-ntirely  absorbed  by 
tJu!  dioroid.  oi-  ralhur  rwflecled  in  such  n  nay  as  again  Ut  strike  with 
precision  tlie  nervous  Hbrothoy  have  ahcady  traversed.    The  dioroid, 
by  its  black  colour,  is  pminontly  filled  to  ahsorb  the  luminous  rays. 
ThiK  abnorbing  power  in  jii'obably  iucreasfid  by  the  inequality  of  its 
§urfMfe,  caused  by  the  prewnoe  •>{  tvanisparcnt   hdlfnufte  and  their 
conical   prolongations  which  penetrate   bctWfiQu  the  celU  of  the  pig- 
mwit.    But.inocrlBin  vertehraU,  we  find  a  tapelum  which,  far  fi-om 
absoi-bing  the  lighl.  reflect*  it  Wrongly.     In  tliis  case,  these  baton- 
nets.   nri»ngiHl   ax   they   ore    perpendicularly    lo  the    surface  of  tlie 
Itrtina,  b<tv«  pcrliop*  to  iniiuUlle  iho  luys  of  ligbl.  and  to  direct  ihtmi, 
after  their  reflection  from  the  tapotum,  oxacily  on   the  same   fibres 
which  thi-y  hav.>  travirscd.     We  can  llius  miderBtaiid  why  the  lape- 
tum  dokS  not  injure  vision,  and  why  the  animals  wlioRO  oyod  aro  pro. 
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Tidod  with  it  hare  need  of  Vet»  Iig1>t  than  olherB.  llw  li^i,  in 
fMt.  (rarersM  the  nerTotn  »p*ii<<(oii  in  iuimiftl<i  with  n  bl«M  cho- 
roid oiilj  onw,  whilo  it  traverxo*  it  tiricd  in  AnimaiN  witli  a  tapetuin. 

Tbo  muntoir,  tlio  liul«  of  which  h»i  beeo  (fi*en  aboT«,  ia  a  eon- 
tinnatbn  of  the  llrel.  Th«  imtlioi-  first  KUnlio*  tho  colour  of  thr 
refliittion  frotn  fj<%  with  ■  lap<itum.  Tbb  cUour  varies  c«nM(derablj. 
Soon  ill  the  erenii^  hj  tiM  light  of  a  torch,  th^  rejtectton  In  liK 
eyet  of  a  dog  p4Med  sncceetiTrly  from  mldiali'lrown  to  Rre-rod.  Id 
Ud»,  gro««i,  light  yolluw,  while,  and  even,  in  some  dogx,  to  rioltt. 
'rh««e  variatioiu  ia  ccJour  are  perhaps  owlns,  in  Bom«  meiuure,  to  tht 
injection  of  a  greater  or  tma  <juantity  of  bloo<l  into  ibe  choroid,  lioi 
[Ntniciilarlj  to  tho  ehangm  in  adjuolmfnt  of  the  animal'ii  nyo. 

In  the  Mammifen,  tlie  lajiotuin  b  a  inemhrano  diatiiMit  from  ibe 
,  choroid.     It  contains  no  vetsoh :  it  is  Irafereed  imlir  by  the  blood-TO- 
mIs  whiph  unite  the  two  Iftyors  of  the  ehotoid  botwfwn  which  it  i* 
foTind.     I»  Runiiiianta,  PachydcrmH.  aoow  HaraupiaU,  and  Dolphin*. 
tho  tapftutii  is  ftbrouf,  andcompcsedof  undulating  Bbreti.^mootli  uid 
Iranxparonl.    But  thn  tapotura  of  tho  dog  and  oat  iiirri^difremitt  >t 
in  a  oelltUar  tiaoe.     It  coniaiii*  no  fibres,  and  is  conpo»d  of  cellfj 
more  ur  leu  boxagonal,  and  with  a  transparent  nucleus.     In  tliu  do 
the  (linnu-tor  of  three  coll*  varioc  from  O-(M08  to  0-0018  of  an  in 
<0022  to  0049  milliiii.) 
,       I'he  aulhur  lias  not  found  thid  lapetum  in  the  eye  of  birds  or  r^p 
"  ttlM.     In  lishp',  the  lapetuin  ts  composed  of  cell*,  in  which  aru  M 
ranged  crystals,  which  give  it  a  «itrcry  n^flection.     Thpw  cells  are 
elongated  and  flattened  ;  their  largest  diameter  is  four  tiinco  greater^ 
than  that  of  the  tapetiim  of  caniivora.  ^| 

Lastly.  M.  Urucbe  gives  the  comparnliTO  anatomy  of  the  tapotum^ 
in  the  diflerunt  orders  of  Mamniifcra.  and  fiiliei  in  which  he  found  it. 

A.  L.  P. 

26.  Jtfcmoip  IlluHrativf-  of  tA«  Hittory  of  the  Lamfntim  of 
America,     By  Pro/eanor  Herman  Stannita,  RoNtock,    1845,  41 
— In    this    memoir  M.   Stanniuu  gives  a  detailed  deocription 
the  different  pnrtn  of  the  American  Lamcmtin  ;  he  has,  in   parti- 
cular, colluclod  nuuiy  intcTcnting  fact*  roKpncCini;  tho  oiiteology,  den- 
tition, the  form  of  the  nustrils,  of  the  laoiith  and  ltp«,  tho  larynx 
and  IraDhican  arl«ry,  tho  vascular  system  of  the  periphery  and 
muccles,      Two   welt -ex  ecu  tod  platoi  explain  tho  motit   impor 
facts. 

The  form  of  the  cranium  leads  the  author  to  thiiik  tliac  the  riTort 
of  America  produce  at  least  two  tipocioo  of  I.ninontii).  The  firrt 
(Manntu*  AmMnannt,  Cuv,,  AKtlralit,  Blaiiiv.  Ei^myait,  Mus_ 
Vii-nnc)  ix  the  smallest,  and  inhabits  the  rivers  of  Brazil,  and  priifl 
cipaily  tlia  Amnxon.  The  settond  {itatxntus  lutirtytlris,  llarliiM 
/Jmrrimtiuf,  Home,  &C,),  is  found  in  Floriila,  the  Antilles  anfl 
Guyann.  fl 

AL  ijtanniux  thiolu  (hat  tho   Laniontins,  the  Diigonge,  and  td 
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StellerM  ought  tu  fuiin  a  diflinot  order  vrliich  connects  tho  Pachjr- 
deriDB  and  Cetacew,  but  wbiuli  cui  bu  united  to  noitliui'  of  ihcue. 

Wo  ougbt  to  add  tlist  llie  figuie,  givuii  by  tbu  auibor,  ul'  llw  lower 
jaw  of  a  iiewly-born  Lanioittiii  appenrs  lo  us  verj  intorostiiig  rrom 
the  ubviouE  reeeinblancu  in  il«  lorni  lo  that  of  tlio  Dinrtlim-iuiii, 
althoiiijb  it  ptvsciiU,  In  the  pfu't  whidi  is  iitlloctHl  at  tbu  boM:,  nix 
sockutN  ofinrisivo  teeth,  which  are  wanting;  in  tha  fossil  f{eiiiis.  In 
aduli  Lumuntins,  tlic  (.'xti'Mnity  of  thn  jnw  pni'tly  \ai.v-<^  itH  oiirvatufv 
and  propoi'lionaitf  sixc,  and  lli«  analogy  which  wo  bavo  pointed  out 
bcoomu*  loss  evideut. — {iiihloth.  Univ.  UeOtJunit.  Sufiptement,  No. 
vi.,  p.  216.) 

27.  Mginoirs  on  the  Capra  Pudu  and  Equtm  Bitvlctu  of  Mo- 
Una.  By  MM.  Gay  and  P.  Gtrvaia  {Aun.  lies  Sf.  iVfitl.,  Feb- 
rukry  184&). — Molina,  in  his  essay  on  the  Natiji-al  ItiBtory  of  Oliili, 
has  referred  to  the  genua  of  goats,  and  describes,  under  tbo  nutiu-  of 
Capra  pxtdu,  a  miall  ruminant  which  eystematii;  authors  have  hod 
difficulty  in  rufcrring  to  it£  true  gonus.  This  animal,  named  Venadu 
by  the  Spaniards,  lin^  suceeiivively  been  regarded  as  a  gont,  a  aheop, 
and  an  antelupu.  MM.  Gay  and  Gorvais  show  in  this  article  that 
it  iti  n  small  stag  allied  to  the  Cervus  ni/us  and  netnoi-iva</ut,  and 
tlial  it  is  probably  tho  »anie  species  as  the  female  which  lived  in  the 
Zoological  Gardens  of  London,  and  whieh  has  beun  desuilbcd  by 
Bonnotl  under  tlie  name  of  C'trvun  humiUii. 

The  same  work  of  Molina  uontaiiia  some  details  respecting  an 
animal  which  this  author  names  the  Oemular  E']uu»  bitulaun.  Ilia 
description  Khown  that  he  has  no  reason  for  ruii.-i'rlng  it  to  tlie  horoe 
tribe,  and  the  mainniitor  indicated  by  this  name  is,  like  the  pre- 
ceding, a  true  ttng.  hut  of  much  largiu'  size.  It  approaches  lb« 
Ceniw  aKtmrnifk  found  by  M.  D'Orbigny  in  the  Bolivian  Aiidoa, 
and  it  appears  to  form  a  new  species,  which  the  authors  of  dlis 
memoir  name  Cf,ruus  Cfiilirniris.  These  Sana-  naturalists  are  of 
opinion  that  it  is  necessary  to  add  two  others,  the  Cenmt  .Spinotiu 
and  C.  (ioudotii,  to  tlie  list  of  specie;?  now  known  in  South  Amorioa. 
M,  Gay  icill  describe  their  oliarauters  in  the  ni am ni illogical  part  of 
the  History  of  Chili,  which  is  publishing  in  the  Spanish  language. 


Li»/  of  Patenit  granted  for  Seolland  from  23rf  Decem&er  1846 
lo  22d  March  1847. 


1,  To  EuoKSE  Ba):ii.i:.  of  Rouen,  in  the  kiugdom  of  Fraiitt,  luanufac- 
lurer,  being  a  oouiniunicution  from  abroad,  "  iui|iTovenienti  \i\  olitainliig 
beat  during  the  man u fact uring  uf  eokt',  anil  a]jplying  sutb  lienl  to  van- 
oiw  purpose*." — -.Id  Derombcr  1^46. 

i,  Tn  .Umi;.  XkPi&R.  of  ShacHewpll.  in  the  eountr  ef  Uiddlmei. 


o|wifttiro  olMiaial,  --impmnrnMito  in  maltmit  rapfwr  oret." — 33d  Dd- 
ewub«T  I  (446. 

A.  To  Oboimr  Yuw^vtM^s  Wiu<)«.  of  Itnlraonl.  VamliAU,  in  ii>' 
TOuuty  uf  Surrv)'.  (iODtlciunn.  aiid  John  Jackdom.  of  Soutbvillc.  Vi'ndi 
wi>Tth  Bund,  ill  ihe  same  countj.  gMiUi-tnon.  "  impioTeineitla  b  the  i«> 
0«a*  "f.  and  it[iii>raliu  for  treating  ftttj-  onil  oily  natt«i«.  and  manoftr' 
tarinK  eundlo  luid  ni^lit  liglite-"—  lJ4th  l>«r»inber  iB46. 

4.  To  JutiK  Mill  M'PiiKBiion.  aanagor.  Otvenbead.  of  OlMgiM.  in 
llie  aiimily  of  h&iiurk,  Scotland.  "  mrlain  uiiprov«inefit>  in  weavinft" — 
Jt^lh  December  l^^^^. 

.1,  To  Wi..u*»i  LiTTm.ufNo.  l»'SStf*nd.|i.iblfatherofllveIllurt«tol 
London  Sowii.  ■'  imjiim»Miipnl»  iii  iiuu-'hinerv  for  printioK-" — Mtli  Di"- 
evnibur  l?4<t. 

ft.  To  Hkmbv  M«i^t.a,  of  Child'*  Hill,  llcndcm.  in  tiio  rmittty  of  MU- 
dluii^n,  maeblnigl,  "  iiii[in>TenicnU  in  njiparntui  for  tranniiittin^  ehctri- 
lAXy  betireeii  distant  jilaoe*,  And  iti  i-locirir  i-'Wgrapbt."— 30lli  Deoealio 
1846.  ^~ 

7.  To  CiiAiii.tt>  Cavnr,  of  Whitnhull  Wliftrf,  Cnnnoii  Row, 
miiisttir,  ffcntliiman,  "  imjirovMiiuntt  in  pRwerrinf;  vegetable  matlcm.* 
30lh  Dcoumbnr  lR4iI, 

5.  To  Daiid  Davith,  .it  WitfinoK   struct.  Cavieniliih  tiquan).  in 
^tcmatj  of  Middlesex,  iiouch- maker,  hwix  '>  iwinniiminllon  ftom  at 

"  certain  improvemimls  in  «t«pt  for  aLtrioKe*  and  other  purpoMa."' 
ROth  I)eccinb«r  l>^ft. 

tt.  To  Anniiti  Cikkot,  of  Clichy,  La  Gainnc,  tioor  I'urii,  in  tho 
dum  of  Fntnoe,  formed;  a  ntudent  in  the  Boyol  Sclioul  of  Mine* 
Prnnoi-.  '-  ui.>rtaiii  impruvifiuonta  in  tbu  tmntmetit  of  motollio  oxidn  Hul 
llidir  canijiouiids.  iLiiJ  in  ii|>{iuratiw  tor  tbe  «aiiM'."— Ulst  l>><vuib<:r  1H4$. 

10.  To  Stbi'mcm  R.  Pakkhukst,  of  Lf£d>,  in  tbc  count;  of  York, 
nutacliuvr,  "  improvMii«nt«  In  ciuiliug  wool,  outton,  and  »tli«r  flbm 
raaterlals." — Sim  Dcr^mb^  I94ii, 


^4«. 


11.  To  TiioMAH  MoBTON  JoHiH,  of  Einiiinghuni .  gvDtleaniui,  *'  itnpron- 
menbi  in  bcatiti):  liquid*  utii]  wriform  bodieM.** — Slit  DeceinbeT  1646. 


J 


1^.  Tu  At-KXAMJun  Kain.  "f  II   Ilonovor  Rtivel.  Edinburgh, 
trioal  iiugi[ii.-Hr,  "  oerUiti  iiaprovi-mbnla   in  trtuumitting  luid  raeoi 
eloctricBl  k'lep-u|<h  c«inui)iiii-4tion«.  and  in  appftratiw  eiitiBcotuil  tbere- 
wilh." — 3th  January  IS47. 

S.  To  Joiin  W'ATdnit.  of  Glui-ow<  inwuiffer  lo  .Mt'inn  GibnouT  oad 
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Kmt,  powcr-looiD  oloUi  innnaflwrtuion.  "  improvcnii'nti  in  wtavin^  bj' 
jawniard  looitii  hy  powm."     5th  Jnimnry  1S17- 

lis.  To  William  Air  Fortkr,  l«ather-iueTchant  and  bootmaker,  in 
0]a»KO»,  in  the  caonly  of  Luoarli,  "  on  imprcn-i-il  iiioik-  of  making  bolt* 
(fbr  driving  nucbinerf  and  far  othl^r  like  ptiqiosc?^,  ti-ocos,  rein*,  luid 
othur  urti(!les  of  leittlier.  {lelt,  ur  (lurohniC'til,  nnd  alto  certAin  apparatus 
or  lUBciiinery  tbirrein  opplicnblLv'*—  7tb  Jauuury  1847. 

15.  To  Hiosht  Coxstastink  Jukmings,  of  No.  fl  Cumberlund  Temu*, 
RegontK  I'urk.  In  the  cotmtjof  MiddloRpx,  fmicticBl chemist,  ''  n  new  mo- 
thod,  or  ^porutUB.  or  iiiarhinu,  for  the  better  or  more  evononiii'  evapuTH- 
tion  of  fluids  or  liquid*  Gontiiinitig  crystftline  or  other  mutters  to  be  con- 

fentmted  or  Myatnliioi]." — 12lh  January  1347. 

16.  To  LioNKu  Campbcli.  GoLiisiiiD.  of  Uiio  Mug&doT,  Paris,  En).. 
being  a  uoxuiiutiicalloi]  ftom  abrond,  "  iiupruveinaDts  iti  applying  rudders 
to  >ihip»  nnd  other  veascl*." — Slit  January  1S17. 

17.  To  Joiis  Buo(i*MA(i,  of  Queen  Square.  Westminster,  i;;ent1cniaii. 
"certain  imiirovcmonte  in  the  construction  of  aliips  or  vessels,  and  in 
propelling  (hereof."-   :il»t  January  1^47. 

IM.  To  SAXrEL  Caklii'I'i:  LiHTtcn.  of  Manninghain  lloiiiio,  in  the  pa- 
rish of  Bradford,  in  the  county  of  York,  Esijuire,  "  iniptoveineiits  in  pre- 
paring and  uoiubing  wool." — -SSth  January  lfi47i 

W.  To  Et'Wf still  CoLwiUi,  uf  Millfurd,  in  the  county  of  Suflolk,  clerk, 
M.  A.,  "  improTinnenta  in  the  ]ircpiimtion  of  |ioat,  rendering  it  npplicn- 
ble  Ui  seveml    iwcful  pui^soi,  purtimitwly  to  ftiel." — 2Mh  January 

lS-t7. 

30.  To  Matthkw  OiBftoK,  of  Wellington  Street,  in  the  borough  and 
county  of  Nowc«alli>-upon-Tyne,  iiiacliino-iuakGr,  ■'  a  maehiiic  for  reap- 
ing, uutlitig  grast.  and  other  similar  purposes."' — 36th  January  15-47. 

ai.  To  HcNUT  BnastiuKU.  uf  Buitcr  Iloufie,  Old  Saini  PanorB*  Roodi 
in  the  county  of  Middleiei,  engineer.  "  certain  iinprovoraenl*  in  tJie 
manufoctutv  of  gloat,  and  in  the  inuchiiiery  and  ap|)Urutue  oonnocMd 
thi.-ruwith,  and  also  in  tilvering  and  coating  glass,  ports  of  which  im- 
proviimenta  are  applio-able  to  the  fflanufnctiire  of  tin-foil,  and  Ihin  alioeU 
of  otlipr  iiiBtol  or  alloys  of  uietol." — 2?th  January  1H47. 

32.  To  JoBN  Thomfdoh  CABTin.  of  Drogheda,  in  the  county  of  tho 
town  of  Droghedu.  in  Irelnnd,  rtax-spinner,  ■'  im]>rovpm(int8  on  machinery 
lor  unifihini^,  bruising,  and  prejmring  Ihix.  Iientp,  and  etlu^r  Rbrouti 
materiuls  requiring  siioh  trcntniont." — ZBtli  January  1*^47. 

S3.  Tn  Ricmarh  Walkbk.  of  Rochdale,  in  ihc  county  "f  Lancaster. 
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cettaJR  iaproTCaMin  in  lomni  br  wMriog," — I5lh  P«1>- 


84.  To  Jr*)(   Nirc>NUc<EKo  Anonsitf.   of  Muxico,   in   the  Kitpiulilic   of 
iKexioo,  gtt>t]«a)Bii,  "  iinproToauniU  in  tnanufactiirin^  cj^n,  tuid  oUmt 
■wtiide<."-2M  February  1S17. 

33.  To  William  Eatoh,  «f  CaiutwrwoU.  in  th«  ntualjr  of  Sonv/, 
[cginew,  "  Lm|»TOF<sinMil«  iu  tnachUway  for  twiittiiig  ootton,  or  oth« 
Ibroo*  •ubtUnccK." — 23d  tVbniuy  lii47- 

36.  To  ALntkn  Kkupt.  iHicnipol  of  tho  houio  of  FrotUnoli  Krupp,  of 
Smd,  PruMis,  but  now  of  Lelcwter  SquMre,  In  the  ooiuil;'  of  Mi<UIIs- 
•nt,  "  cortttin  impn>vemoat«  in  tho  miuiafactun)  9f  iqMon*,  forks,  and 
Ubtr  limilor  vorct,  and  in  the  monhincry  or  appuatuji  i-mployud  thei*- 
iu,  port*  of  whiah  ore  aUo  applicable  to  other  nuuiufacturing  prooeuM." 
— 34ih  Fcbniwy  1847. 

37.  To  ^ViLUjM  Oeo&ob  Arwhkono.  of  NewcMtla-upon-Tyne, 
BvquiK,  "  ita  improved  lifting,  lowering,  and  hauling  apparatiu."— 
3,1th  February  1817. 

3S.  To  Charles  Uaruiw.  of  tho  Pat«iit  Office,  89  Chanocr;  Lana.in 
the  mtmty  of  MiddleMi,  gentloman.  beingacDmmimic'Ation  fVom  abroad, 
for  "  a  new  apparatus  and  orrangeuieut  of  machiudrj'  to  be  tued  in  col- 
tocting  the  <vnt«nts  of  EeweK.  drainE,  and  oeBi-iuioIs,  and  abo  in  tntating 
the  mofiB  to  culleuted  in  such  a  mimDor  iw  to  render  the  Mme  applil^Hblo 
to  agriunltural  and  othor  useful  purpoaeB," — 36th  February  1847. 

39.  To  Thomas  Ht'TcittsoN,  of  Paisloy.  SflOtlaiid.  Balcsniau.  "  B  ma* 
ohloo  for  constructing  patterns  in  ftrijws,  checks,  ami  tarCau*  for  ivoiwi 
and  Other  fabrics."— 2 Oth  February  184?. 

40.  To  Pierre  Aiihamd  lr  Coute  or.  FuBTAtNBkionitAD.  of  15  New 
Broad  Street,  City,  Enpliah  and  Foreign  Patent  Office,  being  a  commu- 
luoadon  iitijn  abroad,  *'  cerl^n  improTcmentE  in  the  maohineB  for  tlie 
nan ufoicl tire  of  bricks  and  other  plaatiu  |iroducts,'' — 2d  Maruh  1847. 

41.  To  A>D«i;w  Ctios«E,  of  Brounifiold,  in  the  county  of  Somerset, 
Etquln,  "  ImproTemeDts  in  treating  fermentable  and  other  liquids,  lo  as 
to  oknie  impurities  or  niatt«r«  to  be  extracted  or  preuipitated." — 4^th 
March  1S47. 

4S.  To  PuKciB  Stawilas  MatnoN  de  Suwsa,  of  MillwaU,  in  die 
oonnly  of  Middlesex,  moniifaoturtng  chemist,  "  iniprovernenta  in  the  ma- 
nafactUT«  of  nhlorine  hydrorhlorio  acid  and  iiitrio  acid,  and  obtaining  se- 
veral produclB  therefrom.'' — 4th  March  1847. 

43.  To  Henrv  Hbniwn,  of  Uampitflud.  in  the  county  of  Middleser, 
gcnttoDiun.  "  a  new  fabric,  uuitahle  for  goods,  wrappor*i,  waggon -covers. 
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awl  other  UtopuqwfMiWMi  «««Bia«0Mie»«raj*»7ed  In  the  iMwi&e- 
turo  vf  lh(i  luiio." — Stli  M«r«li  1M7- 

44.  To  RoBBUT  SriauNQ  Nkwall,  of  OkUehevid,  B«|«ii«.  "cemia 
impramnonU  Ln  UoMDiutivij  tvtjiuw."— .Sth  Harcb  1847. 

45.  To  JoMH  Wood,  of  Lmd*.  Id  tlic  eounty  of  York.  in»ctiin«'nia]btr. 
"  ewUin  im|>ro*«iiwiito  in  mukinnj  for  cpinnin^  flbrvtia  lubtUncc*."— 
8th  MmcI>  1  ^i"!. 

46.  To  Okoxob  Lowb.  ■/ Finibiir^  Clnnis,  in  tho  oaunljr  of  Itlijdle- 
HXt  olvil-rnKiitorr.  "  im|imvunic.-nU  in  tlie  numnfarture  or  kdA  in  buraisg 
gal*  »■<'  >"  ')'«  iuuiul'ticlur«  of  l^ioi." — nth  Mkreh  tH4T. 

47-  To  Jakk*  RtxuN.  of  UitrlasUin,  In  ttio  oount/  of  StafibH,  t»At- 
iiianiifactiiror,  "  tmproTonutnt)  in  tfav  mmiufHlure  of  weUed  iron  Uibet," 
VUi  Moreb  1847. 

4S.  To  CiiARLDo  RiauttiMOM,  In  the  oounty  of  MiddloMS,  boiag  a 
MiiMiintiioittion  fntm  nbrond.  '  ontain  improrememti  in  nukiBg  dud  le- 
flnln?  (UKir.  ntiii  in  t))«  applicatloti  of  the  {noduct*  of  tho  nigar-euio  to 
manul'auliiritig  purpoMf.  and  aba  in  the  nucihinerr  uid  i^i[*nitua  nm 
ploynd  thcrein/'—lOth  Mnwh  1S47. 


4!l,  To  Albert  Uonmr  Ccknikorah.  of  STclonhiun,  in  the  county  of 
Kent,  gontlcmiui,  onJ  Jostirti  Titnivi.rAi.1.  CAATnii,  nf  ^yitcmhiun  afore 
uitA.  ciigiiiL'ur.  "  eertuin  iin|)rov«niwt<  in  propelling  catTiagw  «n  nil 
«nv»,"— 32d  Maroh  1S47. 
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so.  To  WiixiAM  Nbwtow,  of  the  Offioa  for  PatcnU,  64  Chnnmc^ 
Lme,  in  th*  county  of  Middloacx,  dTll-^^ng;in«i>T,  boin^  n  cotninniilaition 
fhna  abroad,  '■  certain  improtenients  in  onginw  to  be  wivlwd  by  ga«,  ra- _ 
lioio',  or  steam,  eithor  icjiuratuly  or  in  combination." — 23d  Alanib  ld4Tlfl 

Al.  To  CuARLea  Fox.  uf  N'ti.  :i  Trofalgnr  Square,  in  tlio  counter  «f 
Mlddltwx,  ongiitecT,  -'  imprnvcmentf  in  tho  oon*tnctloit  of  prcMea  iK 
aheiiring.  cutting,  or  panelling  piece*  of  metal  In  voiding  or  uniting 
pieces  of  nietnl  togvthur,  and  in  pro»in|;  or  forming  pioco*  of  metal  inl«> 
forniE  or  ibaprii."  -  S2d  Mnrch  l>t7. 


XOTIOK. 

AiV'iral  srticluK.  tiH  Notirci.  iif  Naw  )'uhl)«>llo»s.  ouiiig  tu  tuoriiaiaii  ivl 
Friiitin--imic-|i,  nrn'tiX  hjr  n  Br/*-  nf  Ihc  prliiten,  lia»«  hvtn  tiOMnaiilj'  |>oi|.1 
iKiiwil  uiiiil  mil*  licit.     >Vi>  maij  hawing  iixiitiiin,  lliut  ihn  AmnXaiti,  \*t\l\thi 
Wench,  i-iprinnu.  uitd  tiidinn   t'.'r>»<!Ei'iil>  havo  nimr  ro  tiniid,     AIhd  Mr  Ikar4 
■tin'*  Utnly  publiihuit  VNlimhli.  Crr.lagj- of  ^utli   Aiucrlfti :  llrv  'iil  viilumr  ol 
I'nifrMwrjr  Oxrn'i  I'lnujcn)   liiuitprlnii  lit-'turrik.  uii.t  tiW  A.  Matitrry'*  tarv  In 
iifi'i-ilng  "  Mullini-'  I  if  Htriu'tui'iil   iriiU  nijiWuuii-iil  lU.loiij."  in  ono    vijuiiiM 
l;IinO.,  which  wUi  prove  a  foai  t.nt-lir.ili  for  iiriiuW  «CuJy.  and  *\to  tfir  [lulrila 
atUniling  Icctiuw  un  HutHD;. 
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ASTRONOMICAL  DOCTRINES,  &c. 


Modern  astronomers  seem  all  to  be  ^reed  in  opinion  that 
tbe  moon  rotates,  or  turns  round  on  her  axis,  during  the  period 
of  her  revolution  about  the  earth,  They  spealc  of  it  as  an  indu- 
bitable fact;  and,  without  taking  the  trouble  to  examine  it,  I 
vas  induced  by  their  unanimity  of  opiuion,  and  the  authority  of 
their  great  names,  to  acquiesce  in  it  as  a  matter  of  faith,  though 
inclined  to  be  very  sceptical  about  its  truth.  Some  time  ago, 
however,  my  attention  was  accidentally  called  to  this  subject, 
my  doubts  of  its  truth  became  stronger  than  ever,  and  I  re- 
solved to  probe  the  matter  to  the  bottom.  The  result  ia  a 
dedded  conviction  that  my  faitii  has  been  misplaced,  and  that 
the  moon  does  not  rotate,  or  turn  round  on  tier  axis,  in  the 
sumner  alleged.  The  investigation  ted  me  even  further  tlian 
I  anticipated ;  for  it  su^ested  a  consideration  of  the  established 
doctrine  concerning  the  sidereal  day,  and  the  result  of  my  inquiry 
into  that  subject  also  ia  the  same.  The  problems  are  so  simple 
that  very  few  words  might  suffice  to  show  how  they  are  to  be 
salved ;  but  the  received  opinions  have  prevailed  so  long,  and 
have  become  so  deeply  engramed  in  the  minds  and  systems  of  as- 
tronomers, that  it  ia  necessary  to  examine  in  detail  their  argu- 
ments and  illustrations,  in  order  to  show  fully  and  distinctly  the 
nature,  the  cause,  and  the  absurdity  of  their  errors. 

Professor  Nichol  of  Glasgow,  in  his  treatise  on  "  The  pheno- 
mena and  order  of  the  Solar  System"  says,  "  The  moon  has  one 
Tcry  singular  feature,  apparently  belonging  essentially  to  her  as 
a  satellite,  ranee  it  distinguishes  every  other  satellite  with  which 
we  are  sufficiently  acquamted.  She  rotates  on  her  axis  m  the 
Kane  time  in  w/tich  site  revolves  in  her  orbit  round  the  earth, — in 
other  words,  the  length  of  one  day  and  night  in  that  orb  is  pre- 
cwely  one  of  our  months.  The  rotations  of  Jupiter's  satellites 
also  nicely  correspond  with  tlie  periods  of  their  revolution  around 
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that  uUnut,  ntitl  nil  w«  know  or  ouapect  of  tlw  altvodniits  on  Safl 
turn  iH  in  obp<li«nce  to  tlie  nmc  law.     \V')i^  iliis  »  »o  i«  unkiiovn 
—it  i*  one  of  Ihoec  dark  potntft  tliat  stir  u«  to  nrofotindtir  i»i|tiir^ 
caticermog  llii^  sclicmv  in  vliieb  vd  are;  but  it  ia  not  difficult  to 
trace  (KKHC  of  it«  elTL-ctx.     Owing  to  Ihia  arrangfrnprtt  Ike  mam 
ebevvit  turns  the  tame  Jam  tateanU  ihr  rarifu     A*  siic  ^nv"  l)Cr 
DiDiitiily  roiitiil-i,  felip  revolver"  |)roiiorti(mally  on  Iiit  axis — eacM 
Bpot  kecpinfi  its  i-flBlivc  pogitlon  towards  ob;  and  if  it  wcro  nJ 
tital  )ivr  velocity  iu  Iht  orbit  U  xli^litly  irrc-culitr,  VfC  slioulfl 
never  ROC  anyibing  of  tier  ojipoeite  livmi$|>lurrf,    |i.  1.^9.     Oth^| 
aatrooomers  state  tbc  dodrlnc  in  very  similar  term!),  but  |»erlui[fl 
the  beet  and  moi^t  cxplivii  cxnn;!»on  of  tlic  roceivi^I  doctntio  h 
Itmar  rotation  i»  tluit  given  dy  M.  S.  />.  Puumh  in  Im  TniM 
de  3ff<Mf/!qut,  2de  etHlttm,  Tamr  II.  p.  179-ltiO,  in  ibi-.<o  word  J 
"  Lc  mouvem*rnt  de  trangtation  pcul  ctre  re^-olutive  autmir  d'lfl 
autre  corps  en  re]K>i<,  ou  lui  mt-iui-  in  mouTeincni.     II  n'y  a  pn 
de  rotation  toiitea  les  foi«  iin'iiiM!  fa<.'e  on  uitv  i<i-ction  <luleruii^| 
du  mobile  reste  constaiiiment  parallele  a  elle  nieme ;  il  y  a,  tfl 
oontraire,  rotation  dans  lc  mcmc  temps  que  la  revolution,  loraqifl 
Ifl  mobile  loumc  oonHtaniment  lii  memc  tare  vvrs  lc  cur)ts  ccfl 
tral.     C't>t  Of  MTTond  nu  (|ue  a  lieu  dunx  le  mourenicnt  <1l-»  isaa 
ttObtc*  autoiir  de  leura  pliiuete!>.     J^  luiie  loiume  tonjuura  la 
meine  face  \crs  la  tcrrc,  pt  lc  rayon  icctcur  (jui  vn  du  centre  de 
la  terrc  au  centre  dc  la  lutic  rencontre  toujours  en  un  men 
point  la  eurfucG  du  fstcllite,  d'oti  il  rcHuItc  <)Uc  la  rotabon  d«  I 
lane  nir  clle  meme,  ct  si  revolution  nutuur  de  Ui  tei-rc  «iielier 
dans  on  n>cine  temps."    ^  The  movement  of  irannlalion  (of i 
progressing  body)  tony  be  revululive  round  atiotbcr  UkIv  at  n 
or  itaclt'  iti  loottoii.     Thtrt  u  no  rotatum nlicn one  fucf  or  a 
tcrminntu  wrclion  of  llic  moving  body  remiiin»  i:i>ii»l»iiily  piirull 
to  iMeU ;  there  is,  on  tbo  coutrary,  mtatioH  in  tbc  same  lime  i 
the  revolution  when  tlw;  moving  body  ttuiis  coiistanlly  the  eamo 
doe  towards  tlic  cnitml  liody.     This  secoivd  caw  'is  tlint  uf 
mtellites  in  nw>ving  around  tlieir  primarica.     The  uiouu  tar 
alway.i  the  same  f:ice  to  the  earth,  and  the  radiiis-vector,  wbi^ 
connects  the  earth's  centre  with  the  moon's,  cuts  the  surface  \ 
the  satellite  always  at  the  Nimc  ]>oint ;  whence  it  n-->ults  timt 
iDoon'k  rotation  on  her  own  axis,  and  ber  revoluliuti  about 
earth  are  accomplislicd  in  the  same  lime." 

Tbo  question  at  issue  is  Hinplv  this :  ostrononHirs  ny  that  i^ 
potsiblo  for  the  moon,  ur  any  otbi4-  body  molviii];  in  au  orll 
to  travel  round  tkat  orlnt,  and  j>i-e3ent  eicry  part  of  lU  cireu 
ference  in  succession   to   the  orbit's  centre,  williout  t 
round  on  it4  own  axis ;  tlmt  tlic  moon,  rcrolvii^ freely  in 
iliould  exliitut  liiiit  phenomenon ;  but  as  she  ikics  not,  and,  Wi 
the  oonlfory,  preaenta  to  the  e«rth  the  same  &oe  oontinuallyJ 


■k  twcMAory  tbtit  to  liable  her  to  do  ao,  and  in«y  ixintintulljr 
Kr  mme  poiut  tocA  tu  tiw  radius- voctar,  site  must  rotate,  or  turn 
KoDil  ont^e  on  bcr  uxU  dtiriug  u«cti  ri'volutiuu  in  bcr  orbit,  in  a 
Ldin.'Ctiou  rontmri/  tu  liuit  of  lii>r  revolution.     In  opposition  to  this, 
■Lhave  fXO  nui»oii  to  lielicve,  and  sliall  endeavour  to  |)n>ve,  thut 
Hw  alleged  jireseutation  of  ovcrj  [tart  of  llic  circumference,  trit/i- 
fnt  rotation  or  turning  niunil,  is  iui]i(i,''Mibl(; ;  that  the  sliuffiing 
1  kind  of  progrcMioii  to  which  n  aM-rihod  this  i[iipuG»iblc  cfit.'Ct, 
I  it  *  real  retro- rotation  or  turning  round  ou  tiie  axiit  badc- 
I  ntrdg,  in  a  direction  really  contran/  to  that  of  the  moon's  Ten>- 
I  lutioD,  uamt'ly,  from  east  to  mat ;  that  the  rotation  which  they 
I  wciibc  to  the  moon  tg  not  ''oontrsrj  to,"  but  in  llio  sixme  direc- 
I  tim  trit/i,  that  ii{\n:r  revolution,  namely,  from  wsi  to  ciwt;  and 
I  that,  were  she  to  rotate  ouw  in  thut  direction  during  each  orbi- 
I  111  revolution,  the  inevitable  r^iiU  of  such  a  rotation  would  be 
I  the  presentatiou,  not  of  the  same  jjoint  (vutiiiually,  but  uf  every 
I  urt  of  ber  drcumlia-eiien  in  succession  to  tiic  conlre  of  her  or- 
I  dU.     I  admit,  however,  that  if  the  moon  were  indeed  to  move 
I  freely. in  space,  slie  would  mwvo  in  the  manner  Ibey  idlcgo,  and 
•hicb  I  call  retro-rolulii.n ;  and  that,  as  sho  does  not,  there  inuat 
be  some  power  acting  again.'it  litr  fixri'doui,  and  jiroducing  the 
tffiect  atHf^-ffiiff  t)ie  ^me  lace  continually  looking  to  the  earth; 
but  that,  whatever  may  be  the  nature  of  that  power,  it«  effixt  i» 
not  la  cutise  hat  to  ;^mirnMbe  moon  from  rotating  "  in  a  direction 
contrary  to  tiiat  of  ber  revolution ;"  in  sliort,  to  keep  ber  from 
rotating  at  all.     Shi!  dot's,  indttt'd,  turn  round  nl>out  in  presence 
of  the  fiun,  and  wil/tntit  liiruiitij  nmnJ  nhaut  in  some  way  or  other» 
neither  the  moon  nor  any  other  body  revolving  in  an  orbit  could 
preaout  every  niu-t  of  \\s  draimfcrcnce  aa  tlie  moon  doe--*  to  the 
son  or  other  fixed  object,  or  trtatiooary  spectator,  outride,  or  in- 
deed to  any  other  body  or  spectator  whatever;  but  ao  far  is  the 
uoon'e  turning  round  from  being  a  revolution  of  her  circunder- 
ence  round  about  her  axis,  thut,  on  the  contrary,  it  is  tlie  axis 
itself,  carrying  llic  whole  moss  of  lier  hoily  forward  along  with  it, 
that  virtually  i-evolvea  about  a  pivot  on  the  radius-vector,  close 
to  tbc  innermost  point  of  circumference)  or  that  point  itaelf,  as 
its  coiitrc  of  revolution.     To  tin;  Dun  or  other  spCQ^tJitor  outiJde, 
tile  clfoct  of  \\\a,  kin<)  of  revolution  \»  the  tiaiiie  as  would  be  the 
dTect  of  the  mooa*s  turning  once  round  on  her  axis,  while  r»- 
isaining  at  a  fixed  point  ofthc  orbit;  but,  witli  respect  to  the 
earth  or  tlie  centre  of  the  orbit,  the  prwentntion  uf  every  point 
of  tl»c  revolving  body's  clrcuiiift;rence  without  actual  rotation  op 
turning  round  on  the  axis  b  imnosaibie,  bo  long  as  the  axis  it- 
self revolves  at  a  fixed  distzuKC  from  the  centre  of  ita  orbit.     If, 
however,  the  body  were  to  remain  at  a  fixed  point,  and  turn  round 
with  it4  whole  matiit,  including  the  axis,  about  that  point,  as  its 


ilru  of  ruvolubou,  thai  of  course  tta  wkule  drcuntfiTL-nix  i 
■oocouon  wouli)  bo  prcecuteil  lo  iLu  eiirtli  as  well  a«  lo  the  ■tin 
hilt  in  •  regular  ornitul  rcvoluUou,  an  tliat  of  the  moon  or  It 
earth,  the  prc««ntAtioii  of  the  nholc  em-iuufen-aro  ta  lhi>  urUJj 
wiitri*,  witiiout  tlio  revolving  bmlye  tuniinc  rotintl  oil  itd  . 
|Mrfectlv  iitijKK'Mtilt'.     Were  a  carriage  *-licci  to  elide  « 
rail  witfi  the  same  jwint  of  ite  eircumfcixiii-v  t^oiitJniialty  id 
tact  t<Ith  thi<  mil,  wouKlimyoiiervt-r  liuaglttoit  wii?  all  tin,-  tiu 
turuiug  muml  on  its  axle?     With  jiijt  as  litllo  i>ri))jrioty  m 
show  uf  rcftson  do  a^ronom^fs  sftimi  lltnt,  wb<_-u  the  iitoon  M 
along  the  roll  of  Iicr  orhit  with  the  sajno  face  contintmlljr  lo 
ing  to  titc  carllt,  she  not  the  !eas  turaa  round  on  hei-  axis,    Fd 
whether  the  tiToi^rcnhii  e  movemctil  he  made  along  n  straight  li| 
or  a  curve,  tl»e  fine  of  motion  dcccribcd  by  the  progres*.iDg  a: 
is  alnaysandinrariablyiNirallcl  lo,  or  concentric  will),  the  tracl 
01*  lines  of  motion  dcscrihcd  by  tli«  dian}clri<-ftlly  oji|Mi>.-itu  poii 
of  itA  drciimfcTcnce,  eacli  at  the  angular  diiitancc  of  Do"  fn 
those  points  of  circumference  intcrecctcd  by  the  orbit  of  the  ai 
aiul  (I  line  drawn  through  the  axis,  directly  across  And  pcrpc 
dicular  to  ibtstie  three  lint's  of  motion,  and  through  thoM'  diuinj 
trically  a))po!iile  points,  will  always  mciaifurc  and  indiesto  til 
body's  rotation.    Such  a  liiw  is  the  rudiu^-vcctor  of  the  mtmn  ocj 
other  body  revolving  in  an  orbit ;  and  it  is  utterly  beyond  rl 
poittibilily  of  any  rcatonaltln  quceition,  that  a  revolving  Ihm 
which  kec}i3  tl>e  same  point  of  i[s  circumferenoc  c^tiitinually 
tachcd  to  tlic  radius-vector,  in  precisely  the  eamercklion  to  I 
axis  and  ait  these  other  pointi>,  must  revolve  witliout  rotating  i 
turning  round  ou  iti!  axiif.     It  i.s  imleed,  nothing  ]n»  than  a  p 
sitive  contradiction  in  terms  lo  my  that  the  ntoon  TotiUft,  whe 
as  admitted,  site  really  don  not  tut-n  round  about  wi  her  Irtiri  1^ 
a  tc/teel;  for,  without  turning  round  about  on  her  track  /ike 
ioAw/,  she  cannot  turn  round  aliout  on  her  uxiik     'lliv  one  is 
indispensable  condition  and  aceompaniment  of  the  other. 

Dr  Johnson  defines  "  rotation'  to  he  "  the  act  of  whirl'ij 
round  like  a  wheel ;  the  ntutv  of  bdiig  so  whirled  round ;  wh!i 
vicissitude  of  suoccMtion."  Well ;  how  do  the  {ihenotnenn 
the  moon's  motion  correspond  with  the%  dcSnilioiw  ?  She  jir 
eents  eonliiitiully  llie  same  face  to  tlio  centre  of  her  orhil ;  ai 
astronomera  allege  that  iilieuoioenon  to  be  Ihe  effert  of  her  rea 
tinay  or  nhirliog  round  like  a  wheel  on  her  axis  oRtt!  during  tf 
peritnl  of  her  orbital  revolution ;  but,  strange  to  say,  (his  ull^L 
rotation,  or  whirling  round,  so  far  from  prouucing  a  "  \  iri^tui 
of  tucceseiou"  in  respect  of  (lie  6xed  centre  nf  ikt  orbit,  IcaVi 
tliC  same  point  of  circumference  constantly  hi  the  Muue  rclatil 
place  towards  tluit  ctnlrc,  just  as  if  there  were  no  rotation 
whirling  at  all.     Ike  moon  muiutaliu  precisely  the  same  ~  ' 


lion  to  her  orbit  and  its  centre,  no  part  of  her  circunifuronco  piiss- 
ing  tile  one  or  crossing  the  other  during  the  whole  revolutioi], 
80  as  to  shew  the  indispensable  signs  of  rotation,  or  wliirliiig 
round  on  an  axis.  Ana  to  make  the  matter  worse,  it  is  alleged 
that  every  "  vicissitude  of  succession"  in  tlic  parts  of  the  moon's 
circumference,  with  reqiect  to  the  earth,  might  be  produced 
wiihoid  rotation,  thereby  completely  confounding  and  running 
connter  to  the  great  lesicographer's  definition,  as  well  as  to  com- 
mon sens&  By  "  rotation,"  or  turning  round  on  an  axis,  is 
universally  understood  to  be  meant  the  fact  of  a  body's  moving 
all  the  parts  of  its  circumference  round  about  an  axis  within  it- 
self, presenting  them  all  in  succesaon  on  every  side  of  that  axis, 
and  making  them  all  in  their  turn  pass  a  straight  line,  real  or  ima- 
ginary, connecting  thataxiswith  a  given  pointoutsido,  perpendicu- 
lar to  the  body's  line  of  moUon ;  or,  in  other  words,  crossing  the 
line  of  motion  at  right  angles;  such  as,  in  the  moon's  case,  the  ra- 
dius-vector that  connects  her  axis  with  the  centre  of  her  orbit,  and 
which,  if  her  orbit  were  a  perfect  circle,  would  be  always  perpendi- 
cular to  her  line  of  motion,  and  cross  her  orbit  at  right  angles,  at 
whatever  point  of  that  orbit  the  moon  miglit  be  for  the  time ;  or, 
as  in  the  case  of  a  common  wheel,  a  rod  crossing  it  diamctiically, 
perpendicular  to  the  road  or  rail  along  which  it  is  moving,  or  a 
wheel  moving  in  a  frame  with  which  its  axis  is  connected  by  a 
cross  bar.  But,  when  the  moon  rotates,  as  is  maintained,  so 
far  is  she  from  moving  all  the  parts  of  her  circumference  round 
about  her  axis,  presenting  them  all  in  turn  on  every  side  of  that 
axis,  and  making  them  in  succes^on  pass  her  radius-vector  or 
crosfr>bar,  that,  on  the  contrary,  she  keeps  them  all  invariably 
on  the  same  side  of  her  axis,  and  the  same  three  i>oints  of  her  cir- 
cumference severally  attached  to  the  radius-vector,  and  to  the  orbit 
at 'either  side,  90°  from  that  radius;  while  the  inner  end  of  the 
radius-vector  is  virtually  attached  to  a  fixed  point  which  never 
changes  its  place,  so  far  at  least  as  the  moon  is  concerned.  If 
the  radius  were  loose,  so  as  to  bo  at  liberty  to  move  past  the  or- 
bit's centre,  it  might  be  considered  as  virtually  a  portion  of  the 
moon's  substance,  and  consecincntly  as  partaking  of  all  the  moon's 
movements;  and,  in  that  case,  there  might  be  some  show,  but  only 
a  show,  of  truth  in  the  allegation.  But  when  it  is  considered  that 
the  radius  is,  on  the  contrary,  virtually  a  part  of  the  centre  of  the 
orbit  itself,  merely  an  extension  or  expansion  of  tliat  centre,  and 
nothing  more  than  the  representative  of  the  several  points  of  its 
circumference  in  succession  at  the  place  where  the  moon  passes 
them,  even  the  show  of  truth  is  gone,  and  the  doctrine  stands  forth 
in  its  glaring  absurdity.  Moreover,  astronomers  affirm,  that  if 
the  moon  were  to  move  the  parts  of  her  circumference  backwards, 
or  from  east  to  west,  across  the  orbit  outwards  in  that  direction, 


AUil  boek  again  on  her  uIIht  Kuk',  (irLi*>nti»g  tlicni  all  in  llltfl 
turn  nti  «Ti.>ry  t>t(l<?  of  Iwr  axis,  and  uinkiof;  them  all  in  simv- 
nioti  pata  tiiT  nuliuii-vaTlor,  tlx^rtiliy  exliitHting  to  ti)o  canb  a 
cutiiplcto  "  vin.-tditiuie  nf  giici'i^^ion,"  Hnd  all  tliu  gi^u  of  rotatina, 
or  whirling;  round  ou  a«  iixl*,  all  this  would  ur  iiiiglit  bu  nro- 
<ltic(.il  witlxiuC  rotjitioii,  cir  turning,  or  wliirlinp;  ruuiid !     it Jy 
aUo  staled,   itiat  uot  oali,'  the  middle  point  uf  tnat  side  oF  l3U 
moon  u'hicn  h  always  looking  to  llic  varth,  but  also  tin.-  radi^[ 
vuctor  and  tAe  eart'k  iUflf,  or  at  li-R«t  "  \U  vinunl  my,"  wlikhH 
the  same  tiling,  ivtoIvo  (tliat  !#,  move  in  an  orbit,  or  deacriW 
acircic,)  round  almnt  llio  moon  a  centre,  wliilo  thai  vi-ry  ccotrt, 
ilseiriaTVTolvingahoul  tlici-iirth!     Wt.  v  ^iirii  iloilrifl 

tettm8,and  nrc11culcululi'd»e  it  is  to^iii: jiH.-m-,  und  [ilS 

roke  U>  (cruliiiy,  it  luis  noviTllKiU'w*  k(')i1  iti  ground  for  two  oentu* 
lies,  and  recetvKtllieKolemniaiiction  uftliogrcat  ntindaofwIiaK 
aclii«voments  aatronom y  so  protidly  boasts.  Bui  liow  will  unMkfl 
tilk  rtMdvrs  lie  nmazol  to  be  toltl  tltat  all  tl>r«u  )i.trad<ixf«  iiff 
fotnided  on  no  U-m  inotuoxius  «n  /iSKura[ition.  than  tltat  it  i»  the 
|>ri>|>crtyof  tti^ivnlreof  n  circle  not  only  to  enangcita  place  eon- 
liiiiuillv'  witliiu  Ihc circle,  but ereii  to  rotiiK;  or  zo  round  about  ll>r 
iuis  of  u  body  nioving  along  the  circli?'e  c'lrcuiMRTi-ncie,  yet  iri/A- 
out  ffoinff  out  nf  fkf  d>c/c,  wliich  o««  would  lliink  an  indi^^nsable 
requisite  to  enable  it  to  perform  lliat  rotation  I  Without  this  fun- 
damental pnipositiou  to  rest  on,  the  doelriiies  of  Ibc  moon's  rota- 
tion, and  of  tiK  gidcreal  (by's  being  the  Irueinmsurc  of  tlic  earth's 
rotjttioii  cvntnot  subeist  a  moment.  This  will  l>c  lii's4  ai-x'ouipliNl)- 
ed,  pcTltap«,  by  t^liiting  tiie  simple  Inith,  which  must  at  once  re- 
ceive the  a.tsent  of  those  who  examine  the  (iii«ation,  cTcn  though 
they  be  told  at  the  same  time  that  the  opposite  error  has  \xxn 
f  xpri.«*lj  affirmed  by  Galileo  and  La  Pl?ce,  snuciiuned  by  New- 
ton, and  tacitly  at  leOKt,  ptTluips  inadverlently,  admitted  by  all 
other  astronoiiH^r^  an  an  I'^taljliNhud  truth  in  llicir  edcnce. 

Tin.'  centre  of  a  circle,  coneiilered  in  relation  to  llie  ci 
itself,  is  u  fi\ed  point,  which  iitnains  iiivarijiUy  in  the  situe  p' 
equidisliuit  fnim  ev<rry  point  of  tlie  whotit  rireinnfcreQce ;  am 
consequent ly,  ever)'  nidiuii,  or  straight  line  drawn  from  the  een 
to  the  cirenmference,  nill  be  inv.tnably  of  the  sniuc  Icnglb^ 
cut  or  toueli  the  areunifercnee  ut  right  angina 

From  thl^  it  follcm-s  obviously  lluti  every  point  of  tlie  cireiun- 
fercnei-.  and  all  the  points  togeltior,  whether  Umited  in  number, 
or  infinitely  numerous,  will  boar  precisely  the  nmc  relation  to 
tlie  ct^utre.  K.i<'h  of  tlmm  u-iil  occupy  llic  intersection  of  two  lin^H 
crossing  at  right  angles,  or  |jerTien<iicular  to  lueli  other,  numeljP^ 
tlie  niiuus  tliut  connects  ii  with  llie  centre,  and  tbo  circumfer- 
etiec  it«clf,  of  which  it  forms  a  part 

Tlie  centre  of  a  drcle  in,  by  ttie  necesdty  of  its  nature  ae  such, 


incHfialtle  of  chniigirig  its  pWtt  within  the  circle,  and,  coiue- 

auctiily,  maintains  tnvai-iahly  tlio  name  rtilaUon  to  cvury  purt  of 
ic  v'irclc  atid  its  drcuaiftrreitce,  and  to  crcry  biKly,  axix,  or  ma- 
tlKtualicjii  [M>int,  moving  abuut  on  tbatcircuiufcreitce.  At  what- 
ever [Kiinl  ot'tite  ciriruniri-Tuitco  lliu  rerolvitig  axi.tinay  be;  l»ow- 
crcr  nmch  it  inav  varv  iu  ivhittons  In  ubieots  outride,//*  rtlatioK 
lo  l/ic  vmtr«  is  invariable,  namely,  it  is  always  at  tlic  outer  and 
of  tilt;  i4iorltMt  «traig1it  line  tliat  can  he  drawn  between  it  und  the 
oenlrc,  and  whtcli  straight  lino,  invarJuhly  (jcrjittndicidar  to  the 
circiunferencc  of  a  perfix'l  circle,  is  its  riidiua-vector.  Kscb  of 
liiu  nidii  also,  whether  oonaidered  as  linea  in  the  ^ubtKance,  or  on 
the  ilut  aurfui;v  of  tlie  drcle,  including  the  Hitting  rndiiLweetor 
ita^lf,  \i  by  the  wiine  necessity  of  il«  nntiirc  a.^  iJie  radiiu  of  a 
(:ircK\justasinr3ji;ilileft.sl)i<;cetitrei<9cIfof  changing  itf  angular 
r>;U(tJon  to  llio  circumference  and  die  centre,  and  remains  invari- 
ably the  i«h»rt(tft  Htraiglit  line  between  them  at  any  giveu  point. 
Whatever,  ihtrreforc,  can  be  truly  predicated  of  any  movement 
or  event  taking  jvlaee  at  tlie  nuter  end  of  any  one  radiu^  would 
iw  jiwt  as  li'iily  predlcatEHl  of  the  same  or  a  suuiliir  movement  or 
event  il'il  wcri;[u  happen  at  the  circumference,  at  tlie  outer  end  of 
any  otlier  radius,  or  pnijiortionally  nt  tlic  outer  end  of  each  of 
ttiem  in  succe.^ion. 

WIk'u  a  round  body,  ns  a  globe  or  wheel,  moves  forward  in 
■pace,  liic  direction>of  its  line  of  motion  is  indicated  by  n  line, 
straight  or  curved  as  the  case  nmy  be,  passing  tbrough  it*  axi^ 
porsTlel  to,  or  concentric  with,  the  fond,  rail,  or  inntheiuatlcid  line 
Iraccd  by  either  aide  of  iti;  fircninlVrenw;  and  if  it  rotate  or 
turn  round  on  its  axis,  the  r^it-itiun  is  indiwiled  by  the  ))U»»ago 
of  every  jfuint  of  \\s  circumference  in  succe^ou  ]ia.-<t  lliat  lii>c 
of  motion,  and  also  past  another  line  drann  pcr])endicularly  to 
llic  Hue  of  motion,  and  which  perpniilicular  Hue,  in  the  case  of 
orbiL'd  npojjrcjaion  and  revolution,  i.s  the  radius-vector,  virtually 
identical  uitti  any  one,  and  with  all  in  tbdr  turn,  of  ibc  tixea 
radii  of  tJie  orhil,  and  ns  iiieupuhk',  by  the  noccwity  of  iLi  nature, 
Ji«any  one  of  the  fixed  radii  themselves,  whicli  it  siiceesavely  re- 
pre^'iit^  of  turning  round  nhmut  on  the  axis  of  the  revolving 
body.  If,  on  the  ounlrary.  no  part  of  the  revolving  body's  cir- 
cumference ^a«$  the  radius- vector  and  the  line  ul  motion,  Ute 
name  respective  points  runuunitig  continually  in  one  witli  one  or 
otiier  of  these  lines  without  any  eiiange  of  their  relation  to  either 
of  tlie  liniv,  tlien  it  cannot  be  more  eertain  thai  the  &un  and  the 
moon  revolve,  or  !*i;hi  to  reiolve,  abuutlhc  whole  hciiven*,  tlwn 
that  A  body  so  remaining  luicliaiigeil  in  all  its  relationN  lo  its  own 
line  of  motion  and  rjitlius-vector,  progresses  without  turning 
round  on  it:<  axis.  The  moon,  liuwevcr,  by  the  admission  and 
declaration  of  all  the  a^trouomcni  of  the  lust  two  ocntunis<,  ro- 
volvesin  hor  orbit  prociieely  in  tliese  urcunubtnce^ ;  tlwtiti,  willi- 
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imt  cirniog  the  points  of  ber  cirtnitiireretK.'v  in  eucccnlon  , 
bpr  radiiui- vector,  and  ac^o»^  itie  line  »f  motion  (ktwribod  \>y  Iiit 
axifi,  ami,  ooiwcqucntlyi  kouping  tlic  same  face  coatiDiiaUj'  loof 
ing  to  t)ic  earth,  and  very  nearly  ttio  aaine  visible  poinU  of  I* 
cirruinfepence  con  tin  nail  y  Ja  one  with  her  radius-vector ;  rail 
logic  can  evade  the  conclusion,  deducoi)  from  tlie  very  naltire 
nrcuuiKtnnci'^  of  nil  rotution,  tluit  alie  rcTolvuj  in  her  ortui  tnVA- 
oul  turninrf  roumt  on  her  axi*. 

Tlie  ra(iiu9-¥cctor  of  a  planet,  or  other  body  moving  round  ru 
orbitf  mny  be  conMidcrod  tn  two  points  of  new  :  citli<.'r  a*  \\  n.  ~ 
Btituent  Slid  Htibstdnlivc  pnrt  of  the  orbit  itself,  or  of  it»  cent 
or  nc  a  constituent  nnd  fulvtantii'e  |mrt  of  a  body  revolving 
contact  with  the  centre  of  its  orbit     la  the  former  caa-,  iIk*  i 
dins-vector  is  virtually  n  rod  attached  by  a  hinge  or  Lu^ture 
tlic  cenin;  of  tliu  orl>it,  or,  more  corroctly  slill,  it  is  Tirluall- 
lino  drawn  on  the  sur&oe  of  a  disk  co-extensive  with  the  or 
and  con»e<iaently  capable  of  making  no  more  than  one  rovolutii 
round  only  one  of  its  cods  at  once;  and  the  end  round  wiiicli 
only  it  ia  possible  for  it  to  revolve  k  tlic  oiie  attached  to  the  ci 
tre  of  the  orint,  and  no  more  movable  from  its  place  than 
centre  itwlf  U     And,  in  performing  lliat  single  revolution 
which  alone  it  is  capable,  each  of  Uie  points  ol  which  every  i 
diiu  IS  composed  moves  with  ilifl'cnmt  di>groi»  of  velociljTt  pro- 
portional tu  itji  distance  from  the  centre,  aitd  all  these  poinb^ 
inoTing  together  dcH^rihe  a  series  of  concentric  circles,  iucrcaei 
in  diraensioRA  ait  tlioy  so  outwards.   ConsequcntlVt  all  ttu;  poii 
move  through  uneqiuiT  spaces  in  equal  times ;  and  tlw  result 
that,  while  ttie  inucnnuirt  poinbi  dotcribu  an  invunhle  circle  roui 
an  inrieible  jKiiiit,  all  the  other  poinb  describe  alwayis  increcuun; 
circles  round  thnt  |)oinI  as  well  as  \Xk  centre ;  wlKreas,  oit 
contrary,  according  to  tl>e  afitranomical  doctrine  I  am  cuinliAli 
each  of  tlieao  points  descrilx*  a  circle,  not  round  the  centra  U* 
but  rwitttl  the  outer  rml  of  tin:  radius  of  icAicA  it  forms  a  f 
while  tluit  outer  end,  and  that  only,  by  itself,  describes  a  mi 
circle  round  the  centre  of  the  orbit. 

In  the  other  point  of  view,  tlic  radiu»>vc<.'tor  may  he  eontiidei 
as  a  part  of  tlic  revolving  body,  and  to  represent  by  \ts  ini 
end  tile  eirciimference  of  a  circle  as  large  ad  the  orbit  iti^clf.  L 
imty  tiolf  within  the  orbit,  and  having  tiie  a\b  of  tlic  ri^olvi 
body  for  il«  centre.  But  it  is  obvloits  that  the  radiuM-vector 
circumstanced,  so  loiiff  as  it  remains  attached  to  tlte  orliil's  cen- 
tre, con  DO  more  revolve  about  its  outer  end,  or  the  axis  of 
revolving  body,  than  any  of  tltu  radii  of  the  wUd  disk  we  h< 
lieen  cinislderiiig,  or  tlian  the  centn-  tt»^lf ;  and,  coRMqueni 
the  point  of  the  revolving  body's  eircuiiifeTenec  that  remaiua 
ways  in  one  with  the  radium  can  no  more  re^olre  about  the 
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tlian  the  radius  wliich  accompanies  it;  and,  on  ttic  contrary, 
were  that  point  of  drcumference  really  to  revolve  about  tbu 
body's  axis,  accompanied  by  the  radius-vector,  the  indispensable 
coaditioD  of  such  a  revolution  would  be  the  setting  of  the  radius- 
vector  free  from  its  attachment  to  the  orbit's  centre,  and  then  its 
inner  point,  so  set  free,  would  be  seen  moving  away  from  tlie 
centre  to  the  outside  of  the  orbit,  and  back  again,  just  as  often 
as  the  body  turned  round  on  its  axis,  whether  tiiat  happened 
once  only,  or  twice,  or  a  thousand  times  during  a  single  revolu- 
tion in  its  orbit. 

But  the  radius-vector  is  not  a  material  vinculum  capable  of 
being  thus  detached  and  moving  away  from  the  centre.  It  is 
merelv  a  mathematical  or  imaginary  fine,  forming  the  shortest 
straight  line  between  the  revolving  body's  centre  and  the  centre 
of  the  orbit ;  and  this  character  it  preserves  at  every  point  all 
round  the  orbit's  circumference.  But  these  points  of  circumfe- 
rence remain  invariably  at  the  same  distance  from  the  centre ; 
and  the  centre  or  axis  of  the  revolving  body  has  precisely  the 
same  relation  to  that  centre  as  the  point  of  the  orbit  which  it 
may  occupy  for  the  time,  so  that  its  radius-vector  is  successively 
identical  with,  or  occupies  precisely  the  same  place  as,  the  radii 
one  after  another  of  the  points  which  it  passes,  and  is  conse- 
qnently  invariably  perpendicular  to  the  planet's  line  of  motion, 
or  the  orbit  which  the  planet's  axis  descnbes ;  and  round  that 
axis  it  could  not  revolve  without  losing  its  perpendicularity,  and 
ceasing  to  be  the  radius- vector,  or,  simply,  could  not  revolve  at 
all.  If  a  material  vinculum,  acting  as  a  radius- vector,  were  to 
be  set  free  from  attachment  to  the  orbit's  centre,  tt  would  then 
become  virtually  an  outlying  arm  of  the  planet  itself,  partaking 
of  all  ita  movements,  whether  of  orbital  revolution  or  rotation ; 
whereas,  on  the  contrary,  the  true  radius-vector,  by  the  necessity 
of  its  nature  as  such,  takes  part  in  the  orbital  revolution  only, 
and  is  never,  and  cannot  be,  in  the  slightest  degree  affected  by 
the  planet's  rotation  on  its  own  axis.  The  true  immaterial  radius- 
vector  remains  invariably,  in  all  circumstances,  the  shortest 
straight  line  between  toe  revolving  axia  and  tiie  immovable 
centre  round  which  it  revolves.  It  follows  of  course  the  forward 
movement  of  the  revolving  axis,  but  never  does  nor  can  revolve 
about  it,  any  more  than  the  centre  itself  of  the  orbit,  which  is 
certmnly  fixed  in  ita  place  and  immovable.  If,  then,  the  inva- 
riable rectangular  radius-vector  cut  invariably  the  same  point  of 
the  planet's  circumference,  that  of  itself  is  the  most  direct,  the 
surest,  and  the  most  incontrovertible  proof  that  the  revolving 
body  does  not  turn  round  on  its  own  axis ;  for  to  say  that  it 
does  so,  in  such  circumstances,  is  no  less  preposterous  than  to  up- 
hold that  the  immovable  centre  of  the  orbit  leaves  its  place,  and 
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revolves  round  abuut  tltc  moving  axU.  at  thv  rnry  tiitiv  Uiat  axia^ 
ia  rvToUiiig  iilioiil  tin-  niitw  iUcIt  ~ 

Tli«  txiii  of  It  ri-tolving  tiody  ri-iiuiins  coDttiuidy  at  (he  van 
OiiilancQ  from  llie  centre  of  its  orltit,  aud  ttie  radiud-vectur  ta  i 
itBj8  llio  Ghnrteet  straiglit  lincbclircQD  Uutt  axUuiKl  itut  cciit 
Itut  tbe  radiuivvcctor  tins  only  onr  rDOTvincnl,  aWayiJortcari 
with  tliti  moving  itxis  whicli  it  coniKi^l»  with  ll>c  tuiinnrak 
iXDlrc*.  its  iliffuroiit  parts  moving  wilh  different  degrees  of  velq 
city  pro]>orliou»l  lo  thnr  distance  from  tlte  t-cntre.  It  ni5VB 
turat  IrncA  xU  iiimrr  t;nd  )iii)  iiwre  than  tin;  rcntre  itwtlf  U>  wliic 
it  Is  attached  turns  hack  I'riiin  its  ottitriil  jKx<Jtion,  aud  cod 
qucutly  vvpT}  change  that  takt^^i  place  in  tbe  rcUlion  of  the  n> 
of  tlic  moon's  mass  or  circumfiircnce  to  lliiit  rodJus  can  ooly  bo 
tlie  vA'ecl  of  movement  in  ihc  luoun  iteulfur  its  pArta.  The  nami 
lalion  of  tlie  radium-vector  to  the  moonVaxifl  in  hiviiriahle;  ai^H 
if  ihc  annie  jwint  of  the  moon's  circumforenco  be  alwii}»  Jnti-r- 
KcttMl  by  liic  TDiliu^  the  relative  position  of  ibat  point  not  ool^ 
to  the  nidiii^,  hul  aW  to  llie  iixisof  the  muun  and  to  the  cent 
of  t)ie  orhil,  mim  W  hiM  ii.4  invariable  ma  the  invumhlu  utxl  in 
movable  centre  iUelf.  It  will  always  keep  the  same  relative 
iilaceon  tin-  »lM>rtest)!traightlioe  between  the  axis  and  the  cent 
being  it«clf  tl>e  nearent  point  of  the  revolving  body  to  that  < 
and  ihc^ri!  ia  only  one  nay  hi  which  its  rehttivc  p<isitN>ii  ean 
cluingei),  namoly,  by  its  diverging  from  ttie  r;tdiii»-ti\;tor,  eitt 
to  the  right  hand  or  lo  the  lelt.  In  either  aiac  tlie  moon'a  in 
will  otcillate,  or  turn  on  its  axis,  lo  the  extent  of  the  divergenc 
«k1  if  Ihc  divergence  l>e  eonlinucd  in  cillier  direction  till  eve 
]KHnt  of  the  circtimfi-rence  in  suece«aoQ  slull  luive  passed  111 
radiua- vector,  llie  hqdy  will  have  performed  a  complete  rotatiuo 
on  ita  own  axis,  wliatevcr  may  be  llic  phenomena  or  appearancei 
whii-h  it  may  pri-w^trit  in  uiIht  ri's|>cct&  The  pitssiog  of  all  ita 
points  ucruss  the  rjtiliii.->-v»-«'lor  is  the  wiri-at,  ii»  it  is  indeed  Ibe 
an»t  ptfrJuetly  ineuntrut  ertihU-  .-ign  nn<l  jii-uof  of  its  rot^liuiL 

Tlie  radius-vector  certainly  dues  not  cj-oeis  Ok  orbit  with  it; 
the  inner  end  of  the  radius- vector,  which,  I  nuiy  say  again,  is 
tiling  el»e  tlian  the  ^lioitcst  straight  lim?  bclwixt  the  u>oi>u'(( . 
and  the  centre  of  the  earth,  eeruiuSy  (/o^x  nut  remlve  in  theow 
site  direction  roundabout  onita  outer  otid  at  the moon'tt axis,  unii 
it  were  true,  what  \»,  however,  iwsijivdy  and  perfectly  iinpo'sible, 
tliul  the  tixeil  centre  ilself  n^volve?  about  the  moon  ;iim]  her  axtti. 
How,  tlien,  is  it  possible  to  avoid  tlie  conclusion  tlial,  if  the  inuu. 
were  to  revolve  with  all  Ihc  poinuofiier  circumference  insucoeAsiui 
poMing  t/ir.  radiM -vector  aiul  crossing  the  orbit,  though  she  raigl 
at  tl>e  Mtiictimc  keep  the  luime  face  eon^^tnntly  looking  to  I 
«amc  tixed  point  oul^nde ;  or,  in  ottter  wonU,  supposing  bur  to 
move  in  or  on  a  horizontal  plane  witii  the  nortli,  Kiuth,  east,  and 
we»l  quarter  points  of  her  cirv:uiu  fere  nee  always  diroctedt  each 
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ba  tile  correaponding  point  of  tbe  horizon,  sbe  could  only  Koom- 
pliali  that  feat  1>y  nu-Hiis  uf  a  rotationi  or  turning  rouud  on  ber 
tx'is  oner,  (lunrig  On-  jwriixl  of  tier  orbitol  rcvululion?  In  nicli 
a  ante,  one  of  tw-n  thine^  muH  hiipjinn ;  either  llio  point  of  the 
revolting  body  that  (hvergea  from  the  radius- vector  westward 
lurriB  round  tm  tin-  body's  axis  yo'  in  cjicli  i]uadnnit,  or  tlie  centre 
of  tlic  orbit,  ainying  tlnr  itiiicr  ond  of  the  raiii us- vector  JiloHg 
with  tt,  turaei  round  filntut  tlio  bodj's  axis  lo  that  oxtetit  iu  tbe 
contrary  direction.  But  tlie  centre  is  a  Used  spot,  wliicli,  by 
tbe  ivMicasity  of  its  uaturc  els  a  centre,  tit  incapable  of  moving 
from  iiK  pbtce ;  tW  riidins-veetor,  proceciling  from  that  centre,  is 
by  ita  nature  hist  »»  in<'n|iat>le  a*  tbe  eentrc  itielf  uf  turning 
bi'ieliwards  by  its  inner  end;  while,  on  the  contrary,  not  only  is 
llicre  iw  incji liability  of  moTement  on  llic  part  of  the  jibinet,  but 
there  iaa  I>eeii  a  ri-al  and  vi!<ible  niov^-inent  of  t)ie  |>arts  of  it, 
circumference,  past  and  nwxy  fmni  tlie  radius-vector  and  the 
Centre  and  acnss  the  orbit:  therefore,  it  follows  inoiilably,  that 
Mtc  div<*rf^encc  to  be  accounted  for  ta  and  ean  only  be  tlie  cBect 
at  tltn  blot  HH-Miioiie<l  movement  of  the  pliinrt,  and  vfa  real  aitd 
Htftual  rotation,  or  tumine  round,  of  the  IkmIv  on  il^  «Ni.'<. 

From  these  prcmisca  it  lollows  inevitably  ibat  wbensoei-cr,  and 
to  wlifilKoi'^er  extent  there  happens  a  ehanj'e  of  reliitti)n»  between 
the  jMrtsand  pciinM  of  cireumlerenec  of  a  body  revolving  In  an 
orint,  or  eircuW  path,  on  the  one  «ide,«nd  the  radiuit- vector  or 
otti«r  radius,  oi  radii  of  the  cirele  and  its  centre,  on  tlie  other, 
that  eljaiigo  must  bo  the  result,  solely  and  csclusivehr,  of  a  rotary 
iDortnnent  of  the  revolting;  body  on  it*  own  axis,  for  example, 
aup^>oae  a  diak  to  In*  placed  at  the  north  piiiol  of  an  orbit,  and 
to  turn  once  round  on  it:^  own  axis  at  that  point,  evei^'  point  of 
its  circinnferenoe  in  eueee^un  would  be  seen  to  pu±s  the  ntdiiu> 
veetor,  till  they  hud  all  eutnpleted  a  rotation  about  the  axis,  the 
uotnt  that  Rnt  diverged  from  tlie  radiiu  on  the  one  side  being  the 
laeL  to  return  to  it  on  the  other.  But  If,  instead  of  completing 
tlw  rolalion  at  N.  the  planet  were  to  rotate  to  the  amount  ^ 
JDMl  one  degree  of  its  orbit,  tbe  result  would  neeessarily  hci  priN 
cisely  the  (tame,  so  far  a»  ntspect*  the  rad!u»-Tcclorr  and  the  in- 
vsriablc  centre  which  the  radius  everywhere  represents ;  and  that, 
wlicllivr  tile  rotation  he  from  west  to  eaat,  or  from  east  to  west. 
W  «  cord  were  attached  to  the  cireurafercnee  of  the  disk  and  to 
the  centre  of  the  orbit,  it  would  be  carried  round  about  tlie  axi« 
precisely  in  tbe  aame  way,  whether  tbe  rotation  were  performed 
^^^  onec  at  N,  or  only  gradually  during  the  revolution; 
H|nDrb  perfect  wimencse  of  effect  can  on\y  bo  reasonably 
oaenbed  to  iEuneness  of  cau»e.  When,  therefore,  the  planet 
moves  one  degree,  and  each  point  of  her  cireumforoncc  at  tltn 
same  time  dircrgee  oue  decree  from  the  radius,  tliat  divergence 
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is  llMMnfftllHiIf  wu'ii  of  tin  plniid'ii  rolaltoo,  an<\  (Iw  iiivarttNfl 
wTiM-ndii'iiiiii-  mmiis-vei-lor  ik  ibe  fixeil  [loint 
ncgiiie  and  imils.     If  Uiw  rotation  lie  niauv  in  i 
BS  tiio  uriiitjil  rtM-oliitmu,  or  firom  vreet  to  ca^,  (o  Ihc 
one  (U-gri'c  of  cirrorafcrPDce  fof  rwli  ile-grwj  of  tin*  in.ii .  htJ 
plniifit  will,  in  uvcn-  (.■otuulrto  orliiliil  revoliilion,  ipe^italilj  hdoa 
everj'  jwint  uf  its  I'ltciimrcrciuw  in  succeanoD  once  to  iW  ndBI 
TMtor,  iiivil  tlivi-c  pr<-.<«nt  it  ditvclly  to  Ibii  amlrc ;  atiil  rroiflf 
UtidiMiinbli?  fapt  il  follows  iny vStiilily  tlia:  if  the  Mine  jKiiot  oloM 
cnmfcrencc  remains  continuiilly  in  one  with  the  radium- vector, anu 
diroctcd  to  tiw  cinitre,  tlmt  perQutnenoc  of  it«  relation  (a  tbafl 
nnMnl>cr»  of  the  orI)it,  which  are  in  tlipinsclvca  invariiible  in  Hm 
relation!!  to  Llie  planet's  axit>,  must  tie,  and  it,  the  cciiain  tokua  of] 
ibeplanct's  Jt'^n-rotation. 

Hnt.  ns  lusti-ononwr*  say,  if  the  01000  wcr«  rtot  h>  rotate  on  bw 
axt«,  mIk-  woulil  carry  everv  poiril  of  her  ctrcninfoiena;  in  liirn 
past  llw!  radius- vector,  hackwnrd",  or  from  oast  to  west,  and  pre- 
Bimt.  tiieni  nil  in  luni  to  the  partn  in  or  near  iho  centre  of  her 
orbit,  find,  at  lliu  ^ine  lime,  keep  all  her  ])srt£  perfectly  parallel 
to  a  fixed  straight  line  drawn  sero«;  the  plane  of  her  orWi,  3xA 
that  permanent  pjirallcli^m  n  »  proof  of  her  non-rotntioii.     T 
rooon  would,  indeed,  if  .*lie  were  perfectly //w  in  Iter  moveiocn' 
iind<tr  llic  ninale  condition  of  keeping  her  axu  within  the  limit* 
u  definite  orbit,  exhibit,  tliese  phenomena,  and  prowrvo  tliat  to 
feet  parnllclism  ;  but,  horrtsco  rH'erent,  tliat  wooW  nioist  ecrtainlj 
be  tlie  L-fluet  of  her  ruLntion  on  tier  axU  huckwardn,  or  in  a  di- 
rection contniy  to  that  of  her  revolution,  namely,  from  eaal 
to  we*t,  while  she  revolves  from  west  to  cast.     And  to  keep  in 
countenance  tliia  paradox,  it  is  assumed,  not  tacitly  or  itmdverl 
eutly,  but  directly  and  cxiwcssly,  Unit,  in  ttiisi  case  of  n-Iro-rolj 
tion,  or  80-«tUetluuriillclisin,  it  Uthe  radius- vector,  nny,tlie  cent 
of  the  orbit  ilselt,  that  moves  iu  the  onposite  dirertioii  firom  til 
point  a  of  the  moon's  circumference  1   Bull  havceudeiiTourcd 
DhoiT  already,  that  the  radius-voctor  and  the  centre  are  \Krft 
incapable,  by  their  very  nature  as  such,  of  making  the  smalli 
change  in  their  rolntioiis  to  the  moving  body ;  and  that,  wh: 
ever  ehangc  takes  place  in  the  rcUtiuus  of  the  moving  bod; 
circumference,  i»,  and   niuHt  Iw,    Kilcly  an«l  exclusively   ( 
effer.t  of  the    rotary  movement  of  the  planet,  or  satellite  on 
its  o«-n  asift.     And  llie  parallelism  which  baa  been  aa^uuied, 
and  fo  triumphantly  referred  to  as  tbc  token  of  noa-rotalion, 
would  he  occssionca  by  so  very  ample  u  proccviias  thU     Wl: 
lite  planet  lumg  round  on  its  axis  from  east  to  we^t,  the  a: 
itself,  while  it   preserves  tlie  snnie  inrariablo  relations  to 
riuliuK-vixtor  and  the  centre,  is  continually  chau^iig  ilii  phi 
on  the  orbit,  and  of  oourec  i1<  relation*'  to  every  mirrouna- 
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ing  object,  outside  of  tbe  orbit,  all  round  the  cumpase ;  and,  as  the 
rotAtJon  is  performed  in  precisely  the  same  proportion  as  the 
orbital  revolulioo,  degree  for  degree,  but  in  opposite  directions, 
the  result  is  apparentiy,  though  not  really,  to  neutralize  the  rota- 
tion, aud  so  to  keep  the  parts  of  its  mass  always  directed  to  the 
same  points  of  the  compass,  always  parallel  to  themselves,  and  to 
a  fixed  straight  line  drawn  in  the  plane  of  the  orbit 

A  planet,  moon,  or  other  round  body  revolving  in  an  orbit 
has  a  certain  definite  breadth  or  thickness,  and  the  orbits  or 
drcles  described  by  the  different  parts  of  its  mass  are  conse- 
quently of  different  dimensions,  proportional  to  their  radial 
or  diametric  distances  from  tbe  orbit's  centre.  The  innermost 
point  of  circumference  a,  will  describe  an  orbit  kss  than  the  orbit 
described  by  the  body's  central  axis  c,  by  the  amount  of  the 
measure  of  one  circumference  of  the  body,  while  c  will,  in  its 
turn,  describe  an  orbit  also  one  circumference  less  than  the  orbit 
described  by  the  outermost  point  of  circumference  b.  Thus, 
when  tbe  body  resolves  without  rotating,  b  will  be  found  to  travel 
the  measure  of  two  circumferences,  and  c  one  circumference, 
more  than  a.  When,  therefore,  a  diverges  from  the  radius-vec- 
tor to  the  left,  and  turns  round  about  the  axis  from  east  to  west, 
returning  to  the  radius-vector  from  the  right,  it  travels,  by  vir- 
tue of  such  rotation,  just  the  measure  of  one  circumference  more 
than  the  length  of  its  own  proper  orbit,  and  consequently  through 
a  measured  space,  or  along  a  measured  line,  precisely  equal  to 
the  dimensions  of  c's  orbit;  and  ia  no  other  way,  and  by  no 
other  means  than  rotation  round  c,  could  it  accomplish  such  a 
feat  In  the  meantime,  however,  b,  and  the  succeeding  points 
■of  circumference,  which  all  take  the  outmost  place  in  their  turn, 
have  travelled  the  measure  of  one  circumference  more  than  c, 
and  consequently  more  than  a  likewise;  and  that  additional 
length  of  the  outermost  point's  journey,  has  the  effect  of  making 
both  a  and  c,  as  well  as  b  itself,  preserve  tbe  parallelism  referred 
to,  while  not  the  less  a's  rotation  on  the  axis  is  a  real  aud  actual 
event ;  there  being  the  measure  of  two  circumferences  travelled 
by  the  outermost  point  to  be  met  by  only  one  circumference  in 
excess  on  a's  part,  and  consequently  tnere  Ijeing  that  space 
avwlable  for  the  purpose  of  keeping  a  always  in  the  same  paral- 
lelism, and  apparently  y/iihoxA  robition  ;  but  such  an  appearance 
can  deceive  cnly  those  who  neglect  to  inquire  into,  or  who  wiU 

n  overlook,  its  cause.  All  tbe  three  points,  a,  b,  aud  c,  will 
lund  in  this  case  to  have  travelled  precisely  the  same  mea- 
sured length  of  space  in  the  same  time,  and  rotation  on  the  axis 
c,  is  the  indispensable  means  of  producing  such  an  equality  in 
the  rate  of  movement.  If,  on  tbe  contrary,  there  be  no  rota- 
tion, the  point  a  will  remain  constantly  in  one  with  the  radius, 


BDd  u,  I*,  and  b  will  retolvc  in  three  oonoentric  orbiu,  at  dlBe- 
rent  dislniicec,  and  with  iliftiTcnt  velocities,  proportional  to  tbete 
distanced,  b  trii?cllin^  one  citviimfurence  mure  than  c,  and  too 
cireamlereocea  more  tiun  a,  while  e  will  also  travul  tme  circum- 
ferenoc  more  tliait  a,  and  oik  \bs»  than  &  An<E  Uti»  i»  llie  rta/ 
snd  vei-j  iiiin|il(>  and  obrious  cau»c  of  tlie  parallelism.  The  pobt 
A,  aa  a  part  of  the  circiiinfcrcnoe,  rotates  backwards  an  well  3d  o, 
Rnd  ly  so  n-tro-njiaiing  loaes  the  value  of  oiw?  cin.'uinf<Trf:i«  in 
it»  orljiliil  joiirney,  whife  a  ^uins  nrn; ;  l>itt  6'»  place  on  the  ollte^ 
roost  circle  or  oroit  is  continually  Kiipplicd  hy  the  other  poinb 
of  circiinifcrcnL-e  in  suwsewaon,  including  a  itwlf  in  its  turn,  nt 
the  IliOtli  (icjnxw  of  the  i-evolutioo  ;  and  the  cumljincd  (piia  iif 
these  pinnUi  ailngetlttir  is  juet  t lt;it  oar  nii-»iiur«  of  virciimferenfe 
winch  stTves  to  mainljiiii  the  paridli'IiiMn. 

It  nuist  be  obviou!^.  from  tlin  Wsl  consideration  of  the  ciream- 
•toDoes,  tli*t  t]j(!  outermost  point  of  tlio  revulving  IkhIj's  cireoro- 
fereiMc,  wlicther  it  bo  a  fixed  puint,  mt  in  lite  moonV  <^»c  iir  a 
oontiuually  cluuiging  point  (w  in  the  case  of  the  earth,  must  te- 
oesarily  <io»cnlx;  <i  hirger  orbit  than  the  innennost  point;  so 
that,  whether  the  body  rotate  on  its  axis  or  not,  the  outenon«l 
half  of  ita  antes  will  move  through  tmec  with  a  greater  vtiliidiy 
than  the  innermost  half,  or,  wliich  u  the  same  thing,  titan  the 
central  axis,  in  tlie  iiroportinn  of  one  circumference  more  tl»a 
the  length  of  the  ormi  wliich  the  axis  describes ;  and  the  oBec* 
of  this  Mirplua  movement  is,  thiit,  if  the  boily  nitjite  on  its  «sis 
oncf  during  the  orbital  revolution,  it  will  pn'-sent  every  point  of 
its  circnmference  in  ifiifeea«on  Imee  toeverv  6sed  object  outsidis 
OTIC  of  Uie»e  presentations  being  the  effect  of  rotation  on  tin-  axi*, 
and  t/ie  other  being  thccffoctof  the^ruperior  vt;lrtdly  of  the  outer 
luif  of  the  mjisa,  that  superior  vetocily  itself  being  directly  the 
efteclof  the  coiistriiin«i  raovnnent  of  the  axia.  in  obedience  to 
the  centri|ietal  force  *hicti  keeps  it  in  its  orbit.  When  Ihv  ImmJj 
roTolvcs  without  rotating,  llic  wimi.?  jmiiit  of  cireumfereiict^  wiU 
reni.'iin  i-on  tin  unity  in  one  with  the  railUin,  on  the  same  side  of  the 
axis,  and  on  the  iiitute  of  the  orbit,  without  tl»e  sitghtcst  vaHa- 
tion  in  its  relation  either  to  those  lucmlwrs  of  ttw;  circle,  or  to  its 
centre,  but  will  pteseiil  every  point  of  its  eirciimferenee  in  suc- 
oe^Mon  ontre  to  «very  fixt-d  object  outside,  and  that  by  virtue  of 
the  superior  velocity  of  the  onter  half  of  the  ma»,  which  [wi*- 
ceeds  during  the  revolution,  without  litlectiiig  the  rotation  on  tJie 
axis.  Lei  tile  didgriim  (Fig.  1}  rejiresent  the  moon  aa  at  each 
of  her  ijoarters ;  and  8U|>poJie  that  she.  without  quitting  tlicse 
punta,  turns  round  on  bar  axis  SO"  atcacti.  At  north,  the  point 
a  vrill  be  fadng  tlic  earth ;  but,  by  tni-ning  round  00*.  ther« 
a  will  set  into  tiie  line  of  the  orbit,  90^  £roai  the  radiu»-rcdor 
as  at  W.     At  W.,  a  will  turn  away  other  W,  and  will  tben 


Icilwtaiit  from  iU  first  position  by  the  itliole  length  of  the  moon's 
(liimieler,  as  shown  nt  S.  At  S.,  a  will  a^uti  Uirn  round 
the  tlitrd  nuarlor  of  W,  und  gtrt  into  the  |)0«iti<>n  dhflwn  nt  £. 
At  K-,  a  will  turn  round  iIm  fourth  iiuarter  of  W,  and  gi.>t  into 
the  poeilion  ftlioun  at  K.  lo  Ihete  <|uurtcr  |>oinl.i  «  could  f;et 
into  the  M-veral  jM^ailionB  it  ociMipic^  in  no  other  v/av  tlmti  by  ttie 
moon's  retro-rolatiii!!,  or  turning  nnmd  on  her  iixi»  lifickwBrib, 
ia  lli€  diroi-tion  fruni  ea^t  to  wi^st ;  and  if  thia  rctro-ri)Iiitio[i  were 
to  hap|>iii  360  timt'ii,  instead  of  unlv  fuar.  as  in  the  dlsgram,  wkj 
should  not  a  turning  away  of  Iht  arcrtnnfi^'n-ncf  to  tbo  cxti'-Dt  of 
one  degree  of  the  circle  of  ro1«ii<»n  Iw  allowei)  lo  happen  at  oicli 
of  thc%  S60  iwtntii,  n»  vmW  as  a  turning  away  to  the  <>xtcnt  of 
9(f  at  each  of  tlie  cardinal  quarter  points,  and  with  the  sanio 
rei-tilt,  namely,  a  rcnmiiiing  nlwnys  looking  soulh  ? 

^\'ilh  rcspt-et  to  a  revolving  body,  all  llio  rwult*  of  Ijlt  orbital 
revolution,  and  ^If-rotation  duiing  that  rftvalutioii,  would  be iuo»t 
precisely  the  same ;  if,  instead  of  revolving,  she  were  to  atand 
rtill,  anil  the  orbit,  supposed  n  solid  ling  or  disk,  to  revolve  or 
turn  round  on  its  own  ccntrw,  till  every  point  of  its  drcwmfen-ncc 
in  suceession  were  past  the  moon's  axis  or  centivs     Stip|K»ii!  thl« 
rrvtdiilioii  to  lie  made  from  cast  to  weal,  being  the  dii-eetiun  con- 
trarj-  to  that  which  the  moon  takei'  iti  luT  ui<ual  progn'^**;  that 
the  moon  herself  men-  at  tiie  mme  time  to  reinnin  conrtaiitiy  at 
the  point  N  (Fig.  !}  liuring  the  orbit's  revolution,  and  to  kiiep 
her  point  n  tunslantly  fixed  on  the  radius  looking  to  ttic  Oiirtli ; 
th«  reiittlt  would  be  tliat  the  orbit  would  complete  its  rcvohilion 
without  producing  the  siiialleel  eliangc  in  the  moon's  relations  lo 
the  orbit  Jlwtf,  ru  the  radius-veetor,  and  to  thcvarth  at  the  inner 
end  of  the  rndia-',  in  other  words,  without  causing  or  re<)iiirinB 
her  to  turn  round  on  her  axis.     But  prceiscly  the  same  result 
iroold  follow  the  inoon'^  own  rc^oltitioii  in  her  orlnt;  the  eamc 
fiioc  always  looking  lo  the  wrtb,  in  o»i"  with  the  radius,  «nd  80* 
di)(tnnt  on  eilber  side  from  the  line  of  motion ;  what  should  make 
rotation  necessary  in  this  cnsc.  namely,  to  produce  results  that 
can  be  shown  so  dit^limily  mid  iindoiiiolily  to  be  jiroduoed  with- 
out it?     Again,  suppone  the  moon  to  i-emain  conetantly  at  N, 
and,  white  llic  orbit  revolves  from  cast  to  west,  lu  inni  round  on 
her  own  axis  also  from  eastto  west  cxacllyonee  during  the  orbit's 
progrcs*   yiKit  her.     Well,  when  ihc  orbit's  point  W  reaches 
nnrth,  the  moon's  own  point  a  will  have  turned  round  tu  b ;  when 
the  orbit's  point  S  reaches  N,  a  will  have  turned  round  to 
e;  when  the  orbit's  point  K.  rcaciicit  N,  a  will   have  tunied 
round  to  d ;  and  when  the  orbit  n  jioint  N  retiirnH  to  tlic  moon 
on  tlie  other  side,  «  will  have  rctiu-ncd  to  it*  first  position  in  one 
with  tile  radius.     But,  the  effect  of  this  revolution  of  the  orbit  ia 
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UuBt  a,  1>y  turning  fouikI  tm  the  moan's  axis,  occiijitcfl  nl  tW  t 
iii<-ut  nt  which  eneh  (|)iartcr  iioiiit  of  iIk  orbtl  renchca  tit«  itwoq 
Bl«rA}'d  the  vcty  poalion  ruUitivi'ly  to  tliu  orbit  sncJ  tfao  radin 
vKtor  t}iat  it  wotiUI  o<xu[>y,  were  iIm;  orbit  to  »Wn\  still  anil  tli 
mooa  to  revolve,  with  her  face  slu-ays  looking  suutli,  whic_ 
satronomera  gay,  would  bo  the  i%8Ult  of  i%\'olving  in   her  orbal 
without  ttiniing  round  on  hiT  sxiii.     Just  lift  (In.'  diagram,  i 
turn  it  riuiiiil  in  tbe  prii|H>r  direction,  uiiil  ihU  will  be  seen 
tytKC     It  i^  indeed,  perfectly  undeniable,  and  confuliv  Ix^u 
tli«  {MMsfiibilitj-  of  rcdcniptioD  tho  ridiculous  blunder  that  ban 
long  iliiiligurMl  tl>c  aiwt  ixirfecl  of  tlic  scivncve. 

To  Nay,  tltcrefore,  th»t  tite  tnoon'a  prcstiitntion  of  tbe  ma 
point  of  oiriruniferencv  constantly  to  tho  earth,  is  the  con.'>ci|iMnij 
of  her  rotation,  implies  nothing;  le»)  absurd  tbun  an  orlittal  n-i 
tntioTi  of  the  rartk  iUulf,  roiiiid  ulwut  the  innon's  oxi^,  nt  til 
very  time  llio  moon  l^  rotating  about  tbe  r<;I»t)vi-ly  (l\ed  ettrtlij 
For,  if  tho  moon  nv/o/c  wilJi  tbe  same  face  coii:<tau(ly  lu 
earth,  the  eanli,  to  kcqi  Iicr  in  cotinteDanoL-,  mu^  inevitab^ 
rotate  «l«o,  Hud  in  tlic  s>mc  direction,  round  about  tbe  mu 
axis,  ttn  if  flbe,  (tbe  cartli,)  were  only  a  part  of  ttie  moonV 
cURifcrenee,  or  an  outlyiuc  member  attached  by  an  influxil; 
FAdiua.  It  might  be  possime  for  the  two  bodies  to  revolve,  liM 
the  Wnary  elar*,  al>out  oim?  common  iixi«  stnaic  botwfcn  then 
•iwl  KUcJi,  I  lH.li(-rtf,  is  tbe  fact ;  but  for  Ik-in  to  revolve  aboil 
eadi  other'a  tms,  at  ono  and  (he  sante  linio,  U  jici-t'etrfty  inipix 
aible;  yet  nothing  less  than  tiiis  pcrfixt  imposaiUlity  l*  nstjuir 
to  support  tbe  n-ocived  doctrine  of  tbe  moon'fl  rotation.  Uc^ 
perfectly  irngtOAHble  as  it  is,  no  IcsH  great  men  tluin  Gallic 
and  J^iplnce  have  both  jumped  at  once  to  tliis  conchi«iot 
as  the  only  di8C0V(Tal)Ic  tnoans  of  getting  out  of  the  dileninir 
Occorionou  by  tbe  jxiralirlf/an  nhk'h  we  Imvo  now  dcscuiiecd  and 
iieco\inti.sl  for.  The  jierfect  impossibility  of  tbe  cjirth's  and  '  ~ 
iDiMn'^Himultancausrurolutioua  about  cadi  oilier  may  be  demoB 
atrated  by  tlic  cx])crimcnU;r'i>  taking  a  rod  or  stick,  with  a  ball  i 
BAch  i-ud,  and  making  llio  two  IniIIs  rcvolvcahout  cui-)i  oiIht,  ifi 
can.  One  of  them  may  be  made  to  revolve  round  al>out  the  otht 
at  rest,  and  boib  may  be  mode  to  revolve  aimnltancously  abotl 
an  a>>ii<  bclwct'ii  llicin  .it  some  iutermi^diatc  piart  of  the  stick  ;  bt 
to  make  tbetn  revolve  .limullaneously  round  eacti  other,  be  wil 
80on  find  to  be  perfectly  imposaihlc  Yet,  iti  tbe  lace  of  till 
utter  impossibility,  tlic  great  Laplncc  scruples  nut  to  eay.  that! 
person  in  the  centre  of  tite  moon,  iiii|i])o$ud  transparent,  nud  rJ 
volviiig  about  t)>e  earth  without  rotating  on  his,  or  her,  own  axl 
tliiil  is  to  say,  prcucrving  llw  piirallcTisin  we  liave  sjiokcn  r 
would  «*  thr  rtiiih  ami  hrr  iritual  rni/  rrvoliv  a&odt  him,  that  '\i 


'tnoon'H  axii<,  in  tlic  opa 
trui;  it  is,  iJiat  llic  cfirth,  con*;ilere<i  ext;Iii)^ively  as  iho  centre 
of  tiio  nwon'a  <>rl>il,  siip|>QBed  fur  llie  jiresent  a  perfect  circle, 
roojcs  not  a  Iwir's  bro»<Jth  from  iicr  central  pteitlon,  and,  frwm 
lluit  iitiinoviilnHly  uf  tlii'  cartli,  :t  follows  certainly  and  inevitably, 
tliat  nny  ciiangv  of  relation  butwccii  tbe  i»rtli  and  tlic  parts  of 
the  tnonn'f  circiiinferenco  must  be  Ute  effect  i<i)Ioly  anti  cxclu- 
dvcly  of  a  roorenient  of  tliat  cJrcumforen«d  avay  from  tlie  cortb 
round  about  titc  ni(H>n's  axis. 

Wli«n  (I  giolw,  (li.ik,  or  vihocl  tnnkca  n  forward  movement, 
and  diatigea  ]ilflce,  turning  nimid  on  its  axis  at  tliu  Miniu  lime,  no 
part  of  its  n'l.nling  cirtumlerence  cwjfalhlehiHd  tlie  pcrjH'ndi- 
cular  line  that  coanccla  its  axis  witli  the  road,  rail>  or  track 
along  whieh  it  niuvc».  Alt  tlic  i>art«  aliku  move  forwartl,  and 
tt  ix  the  jK-rticndicnlar  radiiis  accomjianying  itit!  axi»,  IJiat  iiiovca 
still  fornrnnl,  past  tliem,  leaving  litem  Miind  in  the  i>|)(>t  tli<^ 
occiijiy  for  the  moment,  and  in  wiiicii  tbcv  are  kept  back,  not  by 
»irtn«  of  a  rotatory  ikuvct  inliCTKiit  in  tlic  involving  bodv,  but 
by  a  foieigii  ijower  (ir  force  acting  from  willioul,  «na  whicd  only 
yi«lda  ibcm  gradunlly  to  tho  inipuUe  of  the  forward-moving 
power,  to  take  titeir  turn  in  tliv  lorward  movement.  It  is  ob- 
vioitti,  therefore,  that  if  tlic  same  ]]oint  of  tliu  moving  body's 
cinnim  fere  nee  remain  alnays  in  one  with  llio  ncrpcndicurar 
radium  (and  it  makes  no  diflerence  whether  the  Imc  of  mutioD 
be  a  etraight  lino  or  a  circle,  for  in  bolb  eases  alike  tlic  railiua- 
vectiir,  (in  a  pi-rfect  circle  at  least,)  'm  invariably  perpendicular 
to  the  line  of  luuliuii,  an<l  always  ;is  far  fonvunt  a»  llic  axis  it- 
irlf,)  that  jfoinl  ui  remiiiuing  in  one  with  the  radiiiji  will  always 
be  on  tlie  iome  side  of  the  body  and  its  axi»,  and  tbero  wilt  not, 
as  there  can  not,  bo  an^  rotntioa.  'l"hc  extrinsic  force  tliat  re- 
tards the  Kiicce^-'ivc  points  of  tlie  circmnferunee  has  no  clTcct 
upon  (he  j>erpcndicular  radiui«-vcctor ;  it  never  keeps  it  back, 
and  consequently  it  lioes  not  keep  back  or  retard  that  point  of 
tbe  circumrerencc,  whatever  it  may  be,  tliat  16  always  in  one 
witli  tbe  radium  Tiiat  point,  so  far  from  rotaling  bncxwards,  is 
con.iiantly  moving  forwards;  and  ibis  'm  true  in  all  circum- 
stances; the  infallible,  and  1  may  say,  tlie  only  infallible  aign 
of  rotattoQ  being,  that  tbe  several  points  of  the  wlioal's  circum- 
ference in  Kuecewion  pass  tltc  radiu»-vec1or,  and  cross  the  line 
of  niolioii  it8clf,  90°  distant  fioro  Ihe  lodiua  on  eiclier  side. 
And  this  happens,  wliea  a  body  revolving  in  an  orbit  presoots 
tho  same  puirit  of  its  eircumferencc  invunably  to  tlic  same  fixed 
point  of  the  plane  in  which  it  movc^;  for  in  such  a  case  that 
seeuiinglv  invariable  point  of  circumference  will  be  found  tu 
diverge  from  the  radius  on  one  side  and  return  to  it  on  the  otlwr, 
to  croa  the  orbit  of  the  axis  twice,  once  in  going  out  and  once 
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in  returniDg  lu  the  inside,  and  amiatamg  in  its  proBren  txttj 
various  degree  of  digtaooc  fVom  tbo  cuntru  of  its  orbit,  in  ^ 
portion  to  the  nmoiint  of  pntgrefnon.  'nii»  ever  varying  chnri 
or  it«  ivlAtion  to  tbo  orbit's  ocotro  is  the  result  of  h  fit-n 
moTctnent  on  the  part  of  tbo  revolving  Ixnly ;  but  neither  di 
tbe  axis  of  the  revolving  btxly  ever  cliuii^u  its  distance  from  II 
orbit's  ocntre,  nor  doea  the  centre  itself  of  tlie  oririt  erer  changti 
ita  pinoe  at  all ;  comcmienllj-,  it  must  be  the  iwiiit  of  tlie  re- 
Tolrini;  body's  circutiik-ri-'ucc  tliut  cbangcs  its  pincc,  seeing  tbtt 
ilB  rvlntion  to  Ihi;  two  iiivftrinble  centrcit  us  cuiifitiiutly-  cboogiqg. 
'I1i«  JUEiH  dora  not  revolve  abmit  it,  w>  as  to  ^-t  1>uiw«cn  tt  mi 
ttie  centre  of  the  orbit ;  tbo  centre  of  tbe  orbit  do<s  not  rcroli  ~ 
about  Iho  axis  of  tbo  planet,  eo  as  to  fall  beliind  the  cbxi^ 
point  of  nrnuiiifiTcnco;  what  remain*  tticruforo  but  to  say, 
tt  iii  tlio  riuin^iiig  |Kiint  itself  tliat  revolveci  about  Ibe  axis  of  iti 
own  body,  while  that  axis  revolves  about  tbo  iinmovjible  centre 
of  its  orbit?  W)R-n,  at  tbe  second  (juarEcr  of  an  orbital  revolu- 
tion, titc  ^einiiigly  intariatile  point  of  dmitiirereRec  is  outtide 
of  tlie  orbit,  farther  dUtant  from  the  orbit'«  centre^,  i(y  u  wfai 
diameter  of  its  own  boily  tlian  it  was  at  starling,  t>ow  ooutd 
possibly  liiivc  got  into  that  pucMtion,  unless  it  li^id  performed 
an  orbital  revobilion,  or  linlf  a  rotation,  rouitd  the  moving  axi 
Ii  i-'c  no  doubt  true  that  it  lias  not  rotated  under  lite  iiiipiilvc 
an  intrinsic  rotatory  power  acting  u)Km  it  in  acireiibir  dircctioa 
It  (t.  e.  tite  point  of  circumfcrenco  in  question,) in  common  witli 
every  other  point  of  llio  circumference,  and  generidly  of  the 
planet's  niiu«,  i»  carried  into  the  respective  and  EuoeiMHve  pos- 
tiona  whidi  it  and  they  occupy  by  virtue  of  tlie  centrifugal  iorf* 
that  carries  tbe  body  through  tiie  circumference  of  its  orliit; 
and  It  >s  the  extrinsic  ceiitripetid  force,  acting  from  tbe  centre 
of  the  orbit,  tliat  pulls  continually  tl»c  revolting  txidy'saxis,  u; 
makc^  it  direct  from  the  siraight  line  it  would  follow,  and, 
so  pulling  it,  causee  it  oonttoually  to  leave  leAind  tlie  nio»t 
vanced  points  of  its  circumference,  whaterer  tlic«c  may  be  for 
tlie  time ;  and  thi;  ullimiKe  n'^iilt  ii*,  that  eveiy  {loint  of  circutn- 
fitrence  in  MteoeitUon  u  fr/l  /leAind  ia  Hi  turn  //y  the  a^'ji,  till  the 
point  which  started  in  odo  with  the  radius- rector  is  again  in  ooe 
with  it,  after  having  performed  a  complete  circuit  round  tho 
axis,  just  as  if,  all  the  lime,  its  motion  funvard  Iwd  been  re  " 
ed  by  Action  or  other  obstacle  acting  ujion  it  from  the  out<di 
of  tne  orbit,  and  pulling  or  keeping  tlie  circumference  " 
while  tlie  axis  moved  forwanl ;  and  this  circular  morcmcnt 
tbe  circumference  is  mo»t  uni^uesliomibly  rotation,  or  turning 
round  about  the  iix.ix  though  it  have  been  causeil  by  Iht;  niovi^ 
mcnt  of  tbe  axis  it«etf,  that  ntovemeot  of  the  axis  being  in  « 
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redion  cnnlrary  to  the  natural  iDorfonrot  of  the  |>arts  of  it«i  hum 
uodt^rtiiu  iiifiuence  of  the  forward-momg  power. 

All  that  1  liiive  now  raid  may  be  demo  list  raU'd  niectuinically 
by  the  simplest  nii>an»,  uid  iit  tliu  Moiptwt  manner,  no  more 
GO«tly  or  more  complicated  apparatus  being  rxr^giiirod  than  a 
common  boltie-cork,  wiih  a  lonsf-liiilcd  string  tied  round  its 
middle,  and  a  pin  witli  whieli  to  tix  it  to  the  centre  of  a  circle^ 
«n')  to  KCrre  rti  nil  ax'ti  "r  pivot  orrcvoltition  nitd  roluliun.  But 
I  nlialt  iho  3U  in.<thim<;iil  of  ACitnewlmt  nion;  roinploxily,  though 
still  vrithin  the  reach  of  every  one  vtlio  wi^^hes  to  try  the  experi- 
ment. But  first  let  ns  consider  the  dla^aio  Bg.  'i,  where  E 
and  M  arc  two  ctrclcti  of  cqunl  <limcn»ionit.  Suppose  E  to 
remain  Gxed  sintl  immovablo  wlilio  M  rcvolvcit  xbntit  it  froni 
wet^l  to  ea»t.  A^  M  revolves^  ita  9>t>veral  potnia,  2,  3,  4,  5,  G,  7, 
8,  1.  reill  prescDt  themselves  socneasivdy  in  llmt  or<Iw  to  E's 
comif]KHMling  gminte;  but,  iu  doing  so,  M  will  o«ce»»iirily  turn 
round  onm  on  it«  axis  and  iil!  the  points  in  sueeeision  will  puss 
the  radius- vector,  or  tit  rnigbtliue  that  connects  the  centres  of  the 
two  nircics,  and  of  course  revolves  with  M  round  E's  centre  point 
X«t  M  revolve  a  second  time,  with  the  samo  point  of  it»  circuR^ 
ferencc  No.  I,  aUaj'*  in  contact  with  E."«  nrcumfercnce,  and  in 
one  with  tite  r.-idiuH- vector.  ]t  will  revolve  without  giving  the 
smallest  token  of  rotation,  yet  say  asitronomers,  M  in  this  case 
has  turned  once  round  on  its  oii  u  axis,  though  that  has  been 
rcndcrtHl  impo^iblc  by  its  adherence  to  the  radius-vector.  In 
thu  Gnt  revolution  uUio  it  turned  oricv,  and  no  more  tlian  oner, 
why  kIiouM  the  one  invisible  and  im)H'rcoptil}le  rotation  which 
tboy  ascribe  to  the  moon,  produce  siicli  mHi^tent  results  iroiii 
tlWM  of  tlie  visible,  real,  and  undeniable  single  rotation  of 
M,  S9  shown  in  tlic  dijitpTini,  and  of  every  other  body  similarly 
situated,  or  n-voUing  in  an  orUt?  l^et  M  rorolvc  a  third  lime, 
turning  its  points  from  east  to  west,  or  what  i^  the  same  thing, 
prewrt'ing  the  perfect  pfirutMUm  of  all  its  parts  to  the  two  sid«s 
of  the  jMipcr,  it  will  pritivjit  its  points  succctslvely  to  VJ»  poiata 
in  the  reverse  order,  8,  7,  6.  S,  4,  3,  2,  1,  to  E's.  1,  2.  .3,  4,  5, 
0,  7,  8,  and  each  of  ttiem  in  its  turn  will  pa^  the  radius- 
rector  oRcf.  In  this  case  it  ia  said  to  revolvo  in  its  orbit, 
teithout  turainff  tvimdon  ffifuit;  yet  has  it  shown  Bvcry  rwjuisite 
tiokeu  of  rotation,  and  carried  itii  several  point;!  in  succession  to 
an  always  increasing  angular  distance  from  the  orbit's  centre, 
til)  each  oftliem  has  becomothc  outcmtost  point  of  its  circumfe- 
rence, and  from  that  extreme  distance  of  lbO»,  as  sliown  by  its 
position  below  K,  relumed  bt/  the  other  tide  of  the  axia  to  iU 
first  position,  ju«t  as  if  M.  had  turned  round  on  its  axis  all  at 
Mice,  without  moving  forward  in  its  orbit.  How  can  tbese 
points  get  to  the  out^dg  of  tlic  circumference,  onles*  the  body 


turn  round  iin  !u  ax»;  nr,  what  \»  the  nanw  thtna,  DnlaaodH 
of  tlH'  piiiiiU  (liiKcribe  <tn  orbit  of  rotation  round  M'ii  xxU,  «l»)l 
reninrti*  iniarinbly  at  the  same  flrilaiir-c  from  K'e  centre?  Lcl 
this  quraUon  be  answered  if  it  uon  cunsistvntly  with  tlio  theory  on 
lunar  rutnlion.  ' 

The  rent  rotation  of  tlie  revolving  )xxlf,ia  tbecaaeofwMnll- 
fcl  {uintllflism,  may  tie  shovm  h^  this  experiment.  MaketbeiU 
M  of  j>.i.Mc))oanl  or  stiff  paper,  mark  it  iix  in  llic  lUngram,  and  fix 
it  by  a  pin  lliroiiphil«crntn;  liitUi!  outer  end  of  a  in4ti-rinl  vincu- 
lum or  rHtliii«~vci-lor,  wliieli  aitaW  resolve  \iy  \Ia  otht-r  vnd  round 
E'a  ecntre,  At)ove  Itie  diak  M,  also  on  the  pin,  place  n  .sntaller 
disk,  just  large  enough  to  show  diotinctly  iIh:  saniv  mnrked  points 
of  circumference;  and  t1>ei>  place  the  rudiiis  with  its  two  dieka 
on  the  line  NS.  In  revolving,  both  of  t)ie  diskii  on  tins  )iiii 
would  kei^p  liii'ir  places,  with  their  jmints  1,  I,  on  the  radiuxsU 
round:  hut  nhile  tl>e  smaller  disk,  which  is  virtually  nothing 
more  than  Ms  ax!»  ilsvlf  e\{Kin<li-d,  fur  tbc  take  of  di^tinrt  per- 
cc|>tioii  of  tli«  4rliAnges  it  might  undergo,  keepa  steadily  with  I  lo 
the  rsidiua,  make  M  turn  round  on  thepm  contiaually,  precucly 
in  proportion  to  the  velocity  of  the  orbital  revolution  of  its  axis, 
degree  for  degree,  and  minute  for  minute,  ami  it  will  preserMj^ 
its  paraUrUum  throughout  tlie  revolution ;  but  tliat  it  has  not  I^H 
Icati  Tolaied  is  unf|ui>^onable ;  for  the  experimenter's  own  fiii^^ 
gATS  tuTe  pudhcd  it  round,  carrying  it^  sueces^re  points  of  cir- 
oomferenee  continually  pa§t  the  radiuE-vcctor,  and  away  fiwin 
E's  ocntre,  to  the  extent  of  90*  or  a  quarter  rotation,  in 

auftdrant  of  the  orbit  ;  while^  on  the  otlwr  liiuid,  tlic 
i«k  cei-tainly  hns  not  turned  round  upon  its  axia,  tlm  jHn  ; 
£'n  has  not  turned  round  in  its  place  on  the  radius;  and  i)ie  ra 
us  has  not  tumrd  back  at  K'm  centre,  or  ehaiigod  in  the  sligl 
est  degree  it!»  proi)er  porjicndicular  relntions  »a  ilic  slwri 
stn^ht  lino   between  the  centres  of  K  and  IVl ;  or,  in  v4 
words,  it  lias  not  rotated  or  turned  roimd  about  on  M'a  a 
any  more  than  EV  centre  itsclfl  with  which  such  n  rotation  ur  a 
Hiangf!  of  position  in  respect  of  any  point  fixed  or  movable 
the  circumference,  is  imptUBible.     What  remains  tlien  hut 
admit  the  fact,  that  the  so-called  parallelism  is  produced  by 
retro-rotation  from  ea,»l  to  west,  while  it!<  axi*  revolves  fi-om  wi 
to  cast,  with  all  the  part^  and  mo1ecult^ofthemas»tuuviQg  along 
with  the  same  degree  of  velocity  under  the  influence  of  the  centri- 
fugal power  acting  ii])on  them  through  tlie  axis  ^     Ou  the  oti 
hand,  w«re  both  the  di^ka  alike  to  keep  tho  «<inie  points  1,  1, 
the  radius,  it  follows  certainly  from  the  »ame  premises  that  neitln 
of  them  rotates  on  the  pin  axis,  but  that  the  mass  of  each  aim 
revolves  from  weu  to  ea«t  with  dilTurvnt  decrees  of  velocity 
portional  to  the  diametric  or  radial  distances  of  its  particles 
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^^pe  nntre  or  K,  just  oa  if  they  vere  iatecrant  ]>articlc8  of  ]^P 
^^EfTD  mass,  turning  round  about  tlicir  (K'e)  own  axis.  Tbe 
^^■S(iiii:^rector  ii),  in  nil  cases niMlcin.-uiii^tiiici's  without  cJCGf!ptM>ii, 
^Brirtuiiliy  an  integrant  or  !nU-grul  {tiirt  of  the  oilHiand  its  centre, 
and  cnn  no  inuii:  rlijiiigH  lUt  nUiilioii  lo  (hat  rciitnt  by  rcvulvtng 
or  rotating  about  ibe  axis  of  a  planet  or  satellite  than  the  orbit'a 
centre  itself  i-an.  Sucb  a  rovulution  or  rotation  of  the  arUt's 
centre  u  xb^ihitcly  iaipoatible ;  and  for  tliv  ntdiu^vvclor  it  is 
etjnally  so.  The  uxu,  ntoreuvKr,  of  a  plnnet  or  iiat«iiite,  is,  liko 
toe  rauiufr-vector,  only  aititQiigiDary  line  incapable  of  any  move- 
metit  indopenilent  of  tnc  mass  uf  wliidi  it  forms  a  jmrU  Ttiere- 
furi>,  itcaiinot  be  xnid  in  any  caw  th.it  tbe  axis  itself  Tx>tAtvs  wliilc 
tbe  body  does  not.  In  tbe  catv,  however,  of  a  common  wlievi, 
witb  a  separate  axle,  ttiat  might  be  said ;  bat  I  liavo  sliown  al- 
reo'ly  lliat  it  would  bo  said  wittiout  ground. 

TU'in  saiat  diagram  will  scrrv  very  well  to  show  the  nature 
and  the  cuu»e  of  lluil  fmruUtJism  wlii<;li  has  been  uiistuken  for  tlw 
tStict  and  sign  uf  uun-rot.'ition.  Each  of  the  disks  has  a  diameter 
of  one  iocli,  and  a  circiiTufereucc  of  three  inobcs,  or  thereabouts; 
co»!>ei]ii«iitly  tlic  orbit  ili-fcribed  round  K's  <«iitre  by  tbe  inner- 
most poiut  of  M'h  diaiiietrie  brc.idlh  a,  raeosiirc-a  thiVK  inelies 
also;  while  tbe  orbits  described  by  M'a  central  axis  and  the 
outermost  point  of  bcr  diuowitric  breadth  b,  measure  respeetlrely 
nix  ineltvji  and  nine.  These  federal  orbiUt  arc  dt-seribcd  by  the 
revolving  body  equally  in  iili  the  three  vni^n  of  revolution  just 
spoken  ot^  showing  mo6t  plainly  thai,  whelher  the  revolving  liody 
turn  round  op  iU  axis  or  iwt,  it  is  not  in  the  least  decrco  affected 
ID  respect  of  ruljiticin  or  nuii-rutatioD,  by  the  great  uiScrcnce  of 
dimeiuions  thutexiHtdbeLn*i-en  the  orbiu  of  its  outonnost  and  in- 
nermost poinLi  of  circu  III  Terence,  whether  these  be  always  the  same 
Eoint8,or  a  sericaof  points  changing  continually.  It  might  appear, 
idt-cil,  that  if  the  outerniubl,  point  travel  »o  iiiticli  fiislt-r  tlxin  tbe 
innvrmobt  point,  it  would  pii^'li  ihe  lall<.'r  round  theaxiit;  but  this 
is  prevented  by  the  a\in  iUi^lf  mnviiig  forward  always  in  line  with 
the  two  points  a  and  h,  and  the  effect  of  that  forward  movement 
of  liu!  axis  is  that  it  (the  axi»)  and  t/  virtually  revolve  about  a, 
itutead  of  n's  partaking  witb  li  in  a  rotation  round  the  axis. 
Strictly  speaking,  tliey,  along  witb  a,  revolve  >n  one  line  round 
about  the  centre  of  the  orbit,  ju^st  as  if  they  were  all  three  nointa 
in  the  liiK-al  extension  of  the  rudius-vector.  This  is  really  tbe 
case  when  the  body  revolves  without  rotating ;  but,  when  it  docs 
rotate,  the  puiiits  of  circumference  change  places  continually, 
while  tbe  raUiu.-!- vector  alone,  or  the  points  in  its  length,  describe 
the  two  orbits  corresponding  to  tlie  oiitcrimist  and  inncrmuBt 
points  of  drcumfervncc,  the  axis  itself  remaining  always  on  thu 
radina,  in  line  between  them.  If  the  three  points  a,  b,  and  e 
(*xis)irere  to  move  along  « lib  equal  degrees  d*  velocity,  it  is 
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perftdlj'  true  Uiut  Bl  the  enil  of  tl)e  Bret  i^uadrunt  of  c's,  or  tU 
nUldlt!  urbit,  a  and  b  would  be  (lerQeadicularly  inline  vritb  it,  or 
])mUel  to  t)K;  meridian  NS  ;  snu  a  rotalioa  backwards  {friiiu 
weet  to  esst)  would  bring  a  back  BgstD  to  tlio  radium     But,  in 
I  bet,  tlic  nKKtti  doKS  not  mm  i;  in  tliiti  mnnniT ;  Ihe  Himo  jmttt  of 
ucr  circumft-rcuco  remaiiiit  conistanlly  in  oiiv  wilii  tlic  mdiut, 
ulicays  OQ  ile  own  orbit,  ut  the  some  dislnnpe  from  lbi>  n-iitro; 
Mod  as  tho  tbri-v  puiiile  of  Iwr  xau^  reallv  do  revolve  under  thii 
nBDodilioii,  ttic  result  is  tliut,  wbiin  a  fini^ica  its  (jundrant,  c  und 
n  would  111- &0' behind  it,  unhtM  m  rotation  or  forwanl  mmi>- 
Inent  to  that  extent  brhf)  tbeui  tnm  (ti«ir  pn>|>er  pUeeit  upon  tho 
^ndiuB,  in  lino  vitb  a,     Tliis  la  cfiWted  gradually  by  their  niov< 
iDg  &tter  than  r;,  in  pruporliuii  tulhcgri-atcrdinien^ioiuDf  itwir 
Lrespcctive  orbits,  na  ttiot  llivv  rvniain  in  line  with  a  njum  tbt* 
l^ramtu,  all  tlx)  way  round,  nitimut  dlNturbing  n's  ur  lln-ir  own 
relatioiis  to  the  radius  and  Uie  centre ;  or,  in  nthor  wonls,  witb- 
out  the  body'8  rotating  on  its  axis   The  cause  of  the  moon's  nut 
I  rotntiug  backwards,  from  <iwl  t«  west,  or  pn-servinj;  hrr  jntralM- 
•  itm,  a.t  »hu  naturally  would,  ucrti  sIm^  to  rvrolvtt  with  Itc^r  circum- 
ference/re^,  and  bet  axis  alone  subjected  to  the  oentri|ietal  fwnie, 
«fl  shall  consider  by  mid  by. 

Take  a  Ktick  or  i^  of  any  kind,  ant]  attach  it  hy  one  end  to  a 
fixed  piiint  uu  a  flour  or  a  table,  and  tlwn  to  one  Hide  of  its  oiitrr 
end  altiu^h  a  disk  uf  nny  tiixe  or  suWtanco  by  a  nail  or  pin  ettick 
through  its  ccntiv.  Make  tlie  rod  revolve  fro'iu  west  to  east  ronnd 
,  dw  point  to  which  it  i^  allaclit'd,  and  at  the  HnaiG  time  keen  the 
k  disk  continually  tuniing  round  un  it«  axii!.  Turn  it  rouud  and 
round,  backwards  or  i'ui  ward-s  its  relation*  to  tlio  radius  and  llw 
centre  will  remain  unaffected  by  the  revolution  of  its  axiti  in 
ita  orbit,  though  the  reltitiun  of  Ifiat  axis  to  evci-y  object  outside 
of  the  orbit  will  be  cuiitintislly  ctiansing ;  and  this  bap{icn&  be- 
cause  the  revolution  of  the  uxis  Ciimca  forward  tlx;  whole  mntt 
timullsneDusly  with,  and  in  the  line  of,  tite  radiiis-retttor,  with- 
onl  changing  its  relations  to  the  noinlsof  itsowncireumferviice. 
If  tlw  eaine  puint  remain  alwavi^  in  one  with  the  radius,  it  will, 
of  coarse,  never  clmngit  iu  reL-itlou  (o  the  axt^  If  tlio  whole 
L  drcumfercnce  \MSi  the  radius  oncu  in  an  oritital  rcvolutiuu,  it 
f  will  chuiipu  its  relutions  to  the  axis  once  alao,  and  <m/'/  imcr; 
but,  if  that  change  and  pastin!;  of  the  radius  oncu  bcrnadi^iii  tIk- 
direction  from  ea&t  to  west,  the  [wrfs  of  the  maw  will  pvfs>rvL' 
Uwir  so-called  panillelisin,  by  virtue  of  tiie  forward  inotion  of  tlio 
axis  in  the  contmrj'  direction,  wbicli  nfibcts  the  relation  of  ibe 
circumference  to  extrn-orhitfil  objecta,  but  not  at  all  (o  tlie  axis 
il«ilf,  or  lo  thif  nidiui*- vector  ati<l  the  (x-nhiv  TitC  samn  lliing 
will  aj>pear  &till  more  cleuily,  if  pu^ihlo,  by  a  variation  of  ihis 
experiment.  Make  a  large  disk,  and  tii:  it  to  a  table  or  flour  liy 
K  pin  through  its  centre^  to  serve  aa  an  axis  of  revolution.  £jj^ 


iHo  otitcr  edgs  of  its  circumiereDCv  aludi  a  small  ditk  by  s 
thread  tiirougfa  Us  ceatre,  to  serve  oa  its  axis.  Draw  a  straiaht 
line  between  the  twooxcH  to  rcpri'^iMit  the  rudim-vcctor,  and  tnen 
make  tiiv  large  <li»k  revolve  on  its  axis,  Ktul  it  will  bu  seen  at 
once  that,  in  wliatcver  direction  it  tnay  be  turiiad,  tlw  iinall  disk 
will  remain  as  unalEecteti  bv  the  movemcat  aa  if  it  were  an  in- 
tegral  part  of  the  idbg?,  and  tliut  the  reliilioiis  of  tbe  several  points 
of  its  ctrc-umfcnnKC  to  t)iv  axis  and  the  radius  arc  affected  by  its 
own  ntovumcnta  vn/vt  i^und  it^  own  axis,  quite  indepeiKlenlly  of 
the  moveownts  of  tSc  large  disk  to  which  it  is  attached.  The  lid 
of  8  &inall  pill-box  will  uiuivrvr  iiivciy  for  the  HKiall  disk,  if  a 
tbread  bo  uCtacltcd  to  one  (loiut  of  its  circumferuiiee,  bitving  ita 
otber  end  tixed  to  tbe  ceatro  of  tbe  larger  disk,  and  the  large 
disk  be  m.-tde  to  revolve  with  the  parallelkm  of  the  small  diak 
preecrved,  tbe  thread  vill  bu  dravin  uU  round  the  small  disk, 
ohowiiig  iiiconteetab))-  that  diKkV  rotAllon  on  \U  axis. 

U]>on  tliu  tiice  of  a  wall,  or  other  Hat  ix^rjiendicular  surface, 
draw  a  circle  one  foot  in  diumetcr,  and  divide  it  into  quadrants 
1^  two  diametric  lines  crossing  at  right  auglcs  in  ttie  centre. 
Tbei)  tjike  a  stick,  st^ff,  or  rod,  one  foot  long,  witli  four  square 
•ides,  and  altiich  it  by  a  hiage  or  other  ligature  to  u  fixed  pivot 
ID  the  centre  of  the  orbit.     At  the  middle  of  the  rod,  irhicli  of 
oourse   will  be  the  distance   of  the  orbit  from  its  centre,  fix 
uwtlicr  pivot,  (on  the  rod  itself,  itut  on  ihu  wall,)  and  on  that 
pivot  hang  a  string  with  an  open  loop,  having  »t  its  other  end  a 
plummet  wiiicb  shnll  keep  it  strclelied  as  far  as  the  eenlrc  of  the 
circle,  when  tbe  rod  is  placed  perpendicularly  with  its  nbolo 
length  above  tbat  centre.     In  otlicr  words,  the  string,  includinx 
botJfi  loop  and  plummet,  must  be  of  prcdeely  the  Icnctb  of  hall 
the  rod,  or  ms  inches.     Mark  the  quadrants  asN,  W,  S,  E; 
N  and  S  being  at  tbe  0|)posite  ends,  N  at  the  upper,  and  tj 
at  the  lover  end  of  tlje  circle's  perpendicular  diameter,  while  E. 
will  be  iit  tbe  right  hand  end,  and  W  at  (he  lell  h^ud  vnd  of 
the  cro«s  diameter.     Then  attacli  tlie  rod  to  tlie  centre  of  the 
circle  on  tlie  line  N  S  with  its  own  middle  or  pivot  c  on  tlto 
orlnt  at  K  ;  and  on  tbo  latter  pivol  luing  the  looped  string  and 
pluniuicl.     Tiic  lower  half  of  the  rod,  while  so  uttnchcd  to  the 
centre  of  tbe  circle,  will,  of  cour:je,  be  identical,  or  virtually  tbo 
same,  with  ilie  malheinatical  radius-vector  of  the  pivot  c  to  wliieb 
tbe  plummet  is  bung.     When  thus  prepared,  set  the  machine 
in  motioiii  making  the  rod  revolve  round  tiio  central  pivot  of  tJie 
orcle,  from  west  to  cast,  tliat  is  to  say,  from  right  to  lell  at 
starting,  so  continuing  always  forward  in  the  eame  direction. 
Afl  the  rod  revolves,  ute  plummet  will  be  seen  diverging  from 
it  to  the  left,  in  the  same  proportion,  degree  for  d^re*^  moving 
away  from  the  centre  of  the  circle,  just  as  its  own  pivot  e  tiiovcs 


ftwny  from  M  ;  but  keeping  Uie  olrclclted  striog  slwajrs  parnlUI 

to  till)  |M-r{H' Dili VII Inr  diam«ter  NS,  and  to  tlic  two  cru&s  wnlM 

to  tli«  right  nttd  left  of  il>e  room  nbcrc  ttio  cxjK-riiiit'iil  is  mmijB 

■lul  wIkii  tlic  rod  comtilclcs  its  iirst  quudruiil  utiU  rciictio*  ^^fl 

tlic  plummet  will  liuvf  nlw  dcscr'tlicd  a  (|iui(lr»nc  fur  iln^lf  nl  llfl 

uiDe  diniciuJODit,  will  liiive  erossed  ll>e  orbit  to  tlie  outEidu,  anB 

will  tinve  readied  a  point  at  (lie  atigulnr  diatauce  of  iHi°  fiulbfl 

from  tlic  ccolrt^oribc  orbit  tbiin  ttic  pliicoilocvitpii'd  in  conlu^ 

with  ibu  c-cntru  jiij-l  bcfiirc  .-^Inrtitig,  and  at  right  anglcif  wilb  tifl 

rod  nml  \\»  nxlt,  ^liowiup!;,  in  mv  judgment,  H  rotation  of  i'^^ 

round  ibntftKia.    In  |]ici«a)itdf|UBan)Dt,  tbc  plumtnct  will  ngiiin 

describe  a  tjiuidrant  for  ilaelf,  and  will  rviirli  a  ]x>iiit  Hiill  fiirili^ 

diKlunt  Truin  tbo  primun'  ct-ntrc  by  onotlwr  90*,  or,  allngHhdfl 

180°,  dirrctly  oul»ido  of  its  pivot.     But,  Itow  could  il  get  iltp-iB 

unlcs  it  lutd  performed  a  roisn  motemcDt  of  iAO"  round  tlifl 

piTot?    It  lias,  unqnestionably,  by  its  rr^ idiir  mun-incnt  nndfl 

the  law  of  gnivily.  de«cribcd  a  ecmicirclu  of  tltnt  augiiliir  ext(!ifl 

and  of  llit>  Nintc  rciil  (liitimMKiiisuttlte  orbit  of  its  revolt  ing  axS 

and  tlic  civinge  »f  llmv  ru'lation^  to  ibe  primarv  ccnlrc  (.-annl 

be  ascribed  to  the  rcvolring  axis,  for  that  axis  liiis  ko]>t  atptj 

dsely  tlw  Mine  di§tani.'o  from  llic  primary  centre,  and  wtlli  fl 

radiiwvuctor  always  ttiblcniling  tbe  icnme  rpctao^lo  with  the  ijM 

bit,  during  tbe  whole  ]Mt3«age  of  18(y;  and,  ha  it  is  the  plt>4| 

ind'H  real  and  vii^ible  movenwnt  Ibat  bus  iHYHiglit  It  into  tust  Jb 

tualion,  that  movement  must  be  reeolv«l  into  it«  i!k-tncnte,fl 

partly  prugrciviTe  along  iritb  ile  pivot,  and  {tartly  rotary  alxnl 

Uut  piirot,  Ibe  cflV-ct  being  prceiecly  tbe  stnie,  a»  if  ibe  strins 

and  tlie  plummet  h;id  kin  upon  tiic  rod  during  ite  pneenKeqL 

tbe  quadrants,  and  tb(.-n  boi-n  .-ict  at  liberty,  wlivn  it  would  1)« 

nin  through  lite  angular  distance  of  180"  at  one  swoop,  afl 

sometbiiig  more,  ouly  Hcltling  at  the  I&Oth^  point,  aflm-  oigcilj 

ing  till  tired.     TIir()t;gli  the  wxl  two  (lu-tarant^,  thia  f^^M 

will  be  repeated,  in  tbe  revci'-ic  order,  and  when  llic  rod  itHH 

to  it«  &Tf.t  position,  the  plummet  will  again  be  in  one  wilb  fl 

centre  of  tlic  orbit.     The  duignnii,  (i''ig.  3,)  slioivit  tbu  relalfl 

of  tile  orbits  di«cribed  by  the  two  moving  bodies,  tlie  contiiiwfl 

eircrle  being  the  orbit  rlc.=<-ribed  by  the  pivot  or  middle  poinlH 

tbe  rod,  and  tbe  dotted  circle  being  tbe  orbit  dwcribcd  by  fl 

f'lunimel.  To  prove  furlber  tin.-  reality  of  tbo  pliinimet'H  rcj 
utivn  round  the  pivut  c,  tnkc  a  ilil  cylinddeal  di^k,  thick  enoufl 
to  carry  a  curd  on  its  edge,  Rx  It  by  it^  centre  on  tlie  rcroltS 
piv-ut  of  tbe  rod,  mark  its  tiuadrants,  1^,  S,  W,  K,  and  to  fl 
pmnt  S,  iu  one  witli  tlie  line  XS  of  Ibe  primary  circle,  otuH 
tlic  pluoimvt  by  its  string.  Then  make  tlw  rod  revolve,  as  fl 
fore,  from  wc«t  to  cast ;  the  plummet  n-ill  be  Been  again  fl 
fcribing  an  orbit  of  it»  own,  partly  witbin  aod  partly  without  fl 
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primary  orbit ;  but,  tbe  disk  being  fixed  to  tiie  rod,  and  not 
turning  on  the  pivot,  the  plummet's  cord  will  gradually  wind 
itself  round  the  disk's  edge,  and  when  the  rod  has  completed  its 
revolution,  the  plummet  wilt  again  be  in  one  with  the  diametric 
line  MS,  but  its  cord  will  be  round  the  whole  circumference 
of  the  disk,  a  thing  which  could  nut  possibly  happen  unless  the 
plummet's  rotatory  revolution  carried  it  round  that  edge. 

At  each  quarter  point  of  the  circle  on  the  wall,  draw  a  strong 
and  distinctly  marked  cross,  and  mark  the  points  of  each  that  are 
nearest  the  centre,  a,  a,  a,  a.     It  is  obvious,  from  the  nature  of 
the  case,  that  they  cannot  turn  rouni!  on  their  axes ;  but  if  it  so 
happen  that  the  rod  AB  moves  successively  past  them  all  in 
the  course  of  the  orbital  revolution  of  its  own  axis,  while  its  true 
or  mathematical  radius-vector  preserves  invariably  the  same  re- 
lation to  each  of  the  four  crosses,  and  to  each  of  the  four  straight 
lines  that  connect  these  crosses  with  the  centre,  is  it  not  cquallv 
obvious  that  that  radius-vector  moves  forward  along  the  orbit 
contionally,  and  altogether  in  the  same  direction  with  all  its 
points,  without  turning  round  on  the  axis  of  the  revolving  rod 
any  more  than  the  fixed  crosses  themselves  turn  round  ou  their 
axes?     They  have  not  rotated  on  their  axes;  how  comes  Jt  then 
that  the  radius- vector,  rotating  as  alleged  round  the  moving  axis, 
is  always  in  one  with  the  saaie  unmoved  arm  of  each  of  them? 
Again,  across  the  rod  AB,  at  ita  pivot  or  axis,  place  a  cross 
bar  of  say  three  inches  length,  and  attach  the  ends  of  this  cross 
bar  to  the  two  ends  of  the  rod  by  wires  or  tight  strings,  forming 
altogether  two  triangles,  on  the  oppo^te  sides  of  a  common  base, 
and  having  the  vertices  respectively  at  the  opposite  ends  of  the 
rod,  as  in  Fig.  3.     It  is  obvious  from  mere  inspection  of  the  dia- 
gram that  if  the  two  ends  of  the  base  change  their  relation  to  the 
orbit,  by  the  one  going  outwards  and  the  other  going  inwards,  that 
change  implies,  and  can  only  be  the  result  of,  a  rotation  on  the 
axis.     But,  if  the  two  ends  of  the  base  rotate,  the  rod,  from  whose 
points  they  are  90°  distant  on  either  side,  must  rotate  also,  whe- 
ther that  rotation  be  from  west  to  east,  or  from  east  to  west.    In 
bqth  cases  alike  it  must  diverge  from  the  radius- vector,  which 
caii  never  forsake  the  centre,  or  change  its  relation  of  perpendi- 
cularity to  the  orbit ;  but,  in  diverging  and  rotating  from  east 
to  west,  contrary  to  the  direction  of  the  orbital  revolution  of  its 
axis,  the  rod  will  necessarily  preserve  its  much  vaunted  paralM- 
isnt,  that  parallelism  which  deceived  Galileo,  and  has  deluded  all 
his  followers  for  two  centuries.     On  the  other  hand,  if  the  di- 
verging of  the  cross-stick  from  tbe  line  of  motion  necessarily  im- 
plies rotation,  the  remaining  of  that  cross-stick  on  the  line  of 
motion  equally  implies  now-rotation ;  and,  when  it  does  remain 
BO,  tbe  rod  AB  itself  will  remain  always  in  one  with  the  radius- 


nactur,  wliicU  never  duMi  intl  ne\'er  cut,  hira  rouiKl  nliout  tt| 
revolvinc  nxlft. 

Tbc  plummet  being  romoved.  intl  a  toDg  looee  conl  atlacbMl 
to  tbe  mxae  poiat  of  ttiu  uyliiKlrica)  tl'utk,  and  liavin^  its  otiwr 
fliut  fixed  to  tliit  primarv  (xiiUe  of  the  circle.  tnaJiv  tiiv  rod  n>- 
volve,  Bod  it  will  complete  its  revolution  witliout  alTecting  tlio 
conl,  without  drawios  it  rouad  Uie  <:ylind<ir,  igliowing  uncquivo' 
oily  that  llwre  has  wen  na  rotation  lhn«.  Now,  detacli  llii 
rod  Irom  Uk  prinwry  centre,  and  niiike  it  revolve,  ]>ro*crTing  iti 
porollcliinn  irilb  the  line  NS,  9o  that  its  inner  point  A  vH' 
now  describe  exactly  the  suno  orlnt  for  itself  as  tiiat  doscrit 
by  the  plummet     Wheii  it  oompletes   its   revolution   in   thia 

I  parallel  liiiiliion.  strange  to  any,  tliougli  it  hiiii  revolvnl,  as  astro- 
nomers  allege  and  profess  to  l>elieve,  without  turning  round  o 
iu  own  axtti,  it  wdl  ncvertlielcss  have  drawn  tlie  cord  roun 
about  the  tixcd  cylinder  wliicb  liua  been  revolting  with  it, . 
witlwut  rutatiiu;  on  its  axe,  as  atleced.      Hut   now  can 
cord  get  round  (lie  cvtindcr  if  the  cylinder  hns  not  rotated 
ite  own  axis?     And  if  the  diameter  of  tlie  cylinder  Merc 
be  iDftde  B3  large  as  tbe  rod  il»i^lf,  tlveii  tlte  cord  would  l>e  dra« 
round  botli  the  poiiib)  uf  the  revolving  rmi,  notwitluitamlinK  in 
pretended  avutdanoc  of  rotation  by  pi-cscrving  its  imndleTism. 
And  that  tlie  movement  which  lias  oc«a«aoDcdtlie  drawing  of  the 
cord  round  the  cylinder  has  been  cxcIuMreJy  on  the  part  of  ttic 
rod  itfcli',  will  bo  evident  from  tbe  fuk-t  tliat  tbcoord'a  tnovemciAH 
bcjjtnii  ill  the  viiil  iiMiwhud  to  tlte  moving  rod,  jumI  is  aSectn^^ 
Uvough  ltd  u'hole  length,  and  at  it<i  central  end  only,  when  the    " 
cylinder's  rotation  has  drawn  it  all  away  frum  tbe  centre ;  and, 
moreover,  by  the  fiicl  that  when  the  rod  was  not  loo^e,  and  eon^ 
sequently  did  not  move  away  from  tin  ccnlrc,  tlie  cord  reniaiue 
entirely  unulfi^^ted  hy  tlie  pivot's  rerolulion,  showing  tliat  tber 
waa  no  mottou  in  tlie  oppoi^lo  direction,  on  the  port  of  tlic  prt^ 

f  nary  centre  and  the  railiu&-vcctor ;  and  if  tliere  was  no  sucb 
opposite  motion  in  (liat  caw,  there  could  V'  just  as  little  wheal 
tlie  rod  wiL!  louM^i,  and  it  and  the  cylinder  lull  at  liberty  to  ti 
ana}'  front  the  centra 

To  meet  ttuch  arguments  and  illuHtm^ons  as  these,  astroitiQ 
mora  and  luectiaiiici^n^  liave  nothing  better  to  olTcr  than  tbi 
following  notable  propo^itimi.     "I^t  AU(l''ig.  4)  represent  ni 
iofltxible  rod  uf  no  weight  supported  by  a  hingi>  at  tbe  point  £ 
h)  tlie  centre  uf  a  circle,  in  such  a  manner  tluil  it  miiy  turn  i 
revolve  lVcel_v  round  that  centre.    When  it  «i  rcvQlrus,  its  motion 
may  Ih!  divided  into  two ;  one  jiro^rcKtive,  by  which  its  centre  of 
gravity  C  changes  its  relative  position  to  otl»er  iHidics,  and  llM^y 

I  other  rotatory  round  that  centre,  t>y  ie/iic&  iu  partt  cimnfft  tlui^^ 
pontioiu  witii  Ttgarii  to  out  another.     If'  it  mcie  a  compitte  reoo^^ 
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baton  roujid  the  circle  by  its  point  A  (attached  to  the  centre  by  s 
binge)  itt  parts  in  the  same  time  will  make  a  revolution  round  the 
centre  ofgramty  C."     The  first  and  moBt  obvious  remark  upon 
this  notable  proposition  is,  tliat  the  latter  part  of  it^  all  that  is  in 
italics,  is  wholly  untrue,  aud  most  directly  contrary  to  the  truth ; 
and  I  cannot  comprehend  how  any  man  In  his  right  mind  should 
ever  have  been  ao!e  to  persuade  himself  that  it  is  true,  unless, 
indeed,  it  were  on  TertuUiiin's  principle  of  believing  a  thing  be- 
cause it  is  impossible!    When  a  rod  so  situated  revolves  round 
the  centre  of  a  circle,  not  only  "  its  centre  of  gravity  C,"  hut  aha 
all  the  other  particles  of  lis  mass,  "change  their  positionsrelativcly 
to  other  bodies ;"  while,  on  the  contrary,  were  it  to  rotate  on  its 
axis  C,  whether  that  rotation  be  visible  or  invisible,  "  its  parts 
would  not  change  their  positions  with  regard  to  one  another," 
They  would,  on  the  contrary,  preserve  Invariably  the  same  re- 
lations to  each  other,  to  the  orbit's  centre,  and  to  their  own 
axis  or  centre  of  gravity,  but  would  change  their  relations  conti- 
nually to  everything  else.    This  seems  to  me  perfectly  self-evident. 
It  must  follow,  at  least,  from  what  I  have  shown  already;  and  the 
only  reason  astronomers  Ciin  give  for  maintaining  such  a  propo- 
rtion is,  that,  if  it  were  not  true,  their  doctrine  of  the  moon's 
rotation  would  not  be  true  eitlier.     The  doctrine  and  the  propo- 
ation  are  thus  perfectly  consistent  with  each  other,  but  their  truth 
is  just  as  problematical,  and,  not  to  mince  the  matler,  just  as 
Jalse  as  the  ancient  doctrine  which  jjlaced  the  earth  in  the  centre 
of  the  universe,  and  made  the  sun,  moon,  and  stars,  the  whole 
host  of  heaven,  revolve  about  it     The  proposition  above  quoted 
has  not  even  such  appearance  of  truth  ;  for  it  is  just  as  directly 
contrary  to  appearance  as  to  /act ;  and  no  man  in   bis  senses 
would  ever  have  believed  it,  had  be  not  fii-st  persuaded  himself, 
on  other  grounds,  that  it  must  be  true,  in  spite  of  appearances. 
In  abort,  the  proposition  is  not  an  induction  from  observed  facts, 
bnt  only  a  deduction  from  an  erroneous  hypothesis,  contradicted 
by  facts. 

The  latter  part  of  the  proposition,  "  if  the  rod  makes  a  com- 
plete revolution  round  the  circle  by  its  point  A  (^attached  to  the 
centre  by  a  hinge),  its  parts  in  the  same  time  will  make  a  revolu- 
tion round  the  centre  of  gravity  C,"  is  just  as  utterly  untrue  and 
contrary  to  fact  as  all  the  rest  Take  two  rods  of  equal  length, 
each  attached  by  a  hinge  to  the  centre  of  the  same  circle,  but  on 
opposite  sides,  so  as  to  form  together  one  diameter  of  the  circle, 
or,  what  would  do  as  well  or  better,  take  a  single  rod  of  double 
the  length  of  the  rod  AB,  and  fixed  by  its  middle  upon  a  pivot 
in  the  centre  of  a  circle  or  orbit,  whose  circumference  shall  be 
described  by  the  middle  part  of  each  half  of  the  rod.  Call  these 
two  centres  of  gravity  C  and  c,  and  the  two  halves  AB,  with  its  axis 
C,  and  DE  with  the  axis  c.   These  are  virtually  two  distinct  rods, 


and  as  such  arc  radii  urtlicdi-clulowboMcenirfi  tlMVarealtncltd, 
anil  wUiitrviT  i»  tnic  respwling  oiik  of  tbeiu  niu*t  U*  i-iiiuilly  irm- 
rcsjiccting  ihc  oIIht.      If,  thorefore,  tlie  roil  AB  rotate  on  \ta 
axis  C  dui-ing  llia  orbital  revolution,  tlic  rod  DE  must,  by  pjiritv 
of  reasoning,  rotntu  on  its  own  axis  c.     x\t  iIh;  suuie  tiiu«  Ixtto 
rod*  to^vtiwr  rolat«,  as  radii  of  the  circle,  round  Uie  centre  uf 
the  circle;  ao  tint  each  of  them,  duriug  a  comiili'tc  orbital  revo- 
lution of  thdp  respective  axi**, performs  tliit-c distiin-t  revulutioni 
rouiHl  about  no  1cm  than  tlircc  di»tin«t  n-iilrve  ul/ at  mu-r:  AB 
turns  round,  Irf,  ibi'  common  centre;  '2d,  iu  own  axis  C;  nnd, 
3rf,  DK's  a3Us  e ;  while  UK  also  turns  round,  l*f,  ibc  comntoa 
centre;  2d,  it  own  axis  c;  and,  3d,  AB's  axis  C     The  same 
tiling  mUHt  happen  with  cxvry  )Ktir  of  opposite  spokes  in  evay 
wheel:  each  suoke  i*  tbcradiuHof  acircle,  altaclicd  to  the  centre 
like  AB ;  and  if  AB  rolule  on  its  ovo  centre  of  gravity  at  tlie 
circunifercuce  of  life  circle,  so  must  eacli  spoke,  placed  as  il  u 
in  priH-i^elj'  the  sntuc  cireinu^laiK'c^,  revolve  round  its  own  centre 
of  gravttv,  and,  with  tli«  help  of  its  iipposiie  nctgliboiu-,  perform 
thrre  circular  revolutions,  niunii  three  ttilferent  ti^Lva,  wikere  no 
buinan  eye  can  sec,  and  no  human  understanding  can  diw^ovcr  tba 
]Nn8il>ility  of  more  than  one,  niuncly,  tliat  round  tite  axlo  uf  ilw 
wheel,  the  conimuo  ccntreof  all  the  riidii.  Again,if  A  Blum  round 
on  its  own  ccntro  C,  each  half  of  AB  divided  by  C  will  also,  in 
nch  rolatioo  of  tlie  rod  round  C,  turn  round   on   iU  own 
centre  of  gravitv,  aod  so  on,  as  &ir  as  matter  is  divisible;  so  ihiil 
in  every  khv  of  a  body's  revolving  on  an  axis,  we  shoHltl  biiv 
an  infinite  niuliitnde  of  wheel?  witliiu  wheel!*,  all  revolving  am 
rotating  at  unec ;  bul  which  will  be  all  swept  anay  itt  once,  U' 
tlie  Ptolemaic  cycles  and  epicycles,  by  means  uf  tbo  simple  tnil 
tJiat  in  the  cam  uf  tlie  rod  AB  and  of  all  bodice  simtlnrly  situ- 
ate, as  tbe  diameters  and  radii  of  wlieelii,  moo<iis  nnd  |iinmtt«, 
there  is  and  cnn  be  t>iily  f^n';  revolution  round  «n*r centre,  niimely 
tlw  centre  of  tbe  oiliit,  to  loni/  as  the  tame  point  oj'dw  rod,  li 
t  tame  end  nfOie  diameter,  or  the  tome  point  of  eireumfcmce 
*  the  revohiHff  bod^  rvmuiiu  in  one  with  itt  rmliitt'Deetor  and 
eattn  oftkt  a'nde. 

But,  »»y  mechanicians  and  astronomer?,  if  tbe  rod  AB 
not  to  rotate  on  its  axis,  its  point  A  would  mo>-e  away  from 
ccnti-e,  nnd  all  its  part8,  in  icngtli,  would  remain  perfectly 
rnllel  to  tbe  straight  line  NS  of  our  first  cxjKriRient  on 
[  wall.     To  lie  «ure  it  would,  but  the  natun^,  llie  cause,  and  tbe 
result  of  such  a  movement  and  such  a  jKirallelism  have  bci 
abundantly  eliowo  already.     Such  a  movement  of  tlio  point 
from  the  centre  would  be  un  net  of  rotation  round  il«  own  ax' 
C.     Moreover,   Kuch  a  rod  as  AB  hi»  no  inherent  power 
rotstioQ  to  Muff  its  points  liaek  to  the  radius-vector ;   tlierefor* 
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the  "  binstt"  of  the  proportion  is  used  oa  a  8uluititul«,  ftDcl  tli« 
offwrt  of  tlinl  binge  is  to  Iwld  A  fact,  nnd  hep  kimfwm  rotating 
round  about  C,  ns  bv  nalunilly  woiild  were  be  fitt  to  obey  lliv 
inpulEe  of  l})c  oenlrifugal  Diovm;;^  )>ower.  It  is  indeed  an  nb- 
nirdity  to  Uilk  of  brin^inff  l>ark  what  never  go<»t  awjty,  'Ilie 
correct  cxpreseion  in  tbc  moon'a  cusc  nould  be,  that  her  inherent 
power  of  turning  round  on  ber  nxis,  if  Ate  reully  potgess  sucb  s 
power,  in  a  din-dion  contrary  to  (hnt  of  rlic  impulsf  given  to 
IKT  p^rt*  by  tlie  oentrifugal  power,  neulra/htu  tbiit  iiil!iioticc  so 
fiw  as  to  iitrp  the  same  point  of  Iier  circumference  eontitiually  in 
one  wiib  thi;  raiins-vfciiu-,  niid  so  to  make  biT  tcvoItc  in  ber 
orbit  <.oi)tiniially,  wit/iouf  luniitiif  round  on  hrr  axis,  to  n  greater 
extent  llian  that  indicated  by  ber  tibrallon  in  longitude,  winch 
u  a  real  oscillation  on  ber  axis,  occu«toncd  by  tbe  e11i[>ticity  of 
ber  orbit,  and  her  varying  velocity  in  the  different  jiarts  of  tliat 
orbit. 

Ti>e  ntne  thing  may  be  proved  by  an  experiment  on  a  great 
Kfile,  performing  continually  between  earth  and  heaven.  Tbe 
earth')!  centre. ii-  not  the  centre  of  tiie  moon's  orbit ;  but  the  two 
bo<ltc»  together  have  a  oommoii  centre  of  gravity  situate  at  a 
certain  diHtanoe  between  ttieir  axes,  and  round  tbat  centre  of 
gravity  both  axes  revolve.  The  dUtanco  between  tbe  earth's 
proper  centre  or  axis  and  thut  centre  of  gravity  is  tbo  measure 
of  tbo  nidiu»-vi-ctor  which  connects  the  earths  axis  niih  that 
centre  of  ivvuliitioii,  and  i»  ju^t  a  ]>rolougalioa  of  tlie  moon's 
radius- vector,  a*  if  tlie  two  radii- vecl ores  together,  however  dit 
(erent  in  length,  formed  but  one  inflexible  rod  revolving  on  a 
pivot  at  the  centre  of  tbe  eystem.  But,  if  it  be  Iruo  tliat  tbe 
moon's  radiun-veclor  revolves  abuut  the  riioon'»  axia,  and  revolvo 
t  Ibat  axis  it  must,  of  tlie  [loint  of  tbe  moon's  circumferenoe 
t  is  always  in  one  with  it,  so  revolve,  as  alleged,  then  the 

rth's  rndi us- vector  mu«t  also  revolve  round  the  earth's  axis; 
both  nutii  form i DC  virtually  one  indexible  rod,  must,  like 

ic  double  rod,  AB.  UK,  simultaneously  [jerform  three  dJs- 
t  revolutions ;  1,  round  tbe  common  centre  of  gravity ;  2, 
round  the  earth's  axis;  3,  round  the  moon's  axis;  ali at  once, 
which  is  perfectly  impossible, 

Tl»e  ])receding  argument  and  illustrations  respecting  tlie  rod 
AB  appW  precii-cly  to  the  case  of  a  globe  revolving  in  close 
oontaet  wilb  tbc  centre  of  its  orbit;  tlic  ilinTneter  of  such  a  globe 
being  represented  by  the  rod  All ;  and  wliatevtr  is  true  or 
&Ue  respecting  the  rotation  and  revolution  of  that  rod,  is  equally 
troe  or  false  respecting  the  revuIutiL'>n  of  the  globe  whose  dia- 
Dteter  it  rcproMtuI^.  'llie  effects  and  changes  produced  by  tbe 
rerolution  and  rotation  in  immediate  contact  with  tbe  centre  of 
its  orbit  are  not  in  any  respect  different  in  kind  Irotn  the  efiects 


ai>d  fluingv*  rhxt  nre  or  would  be  produced  by  Ute  rerolation 
and  rotation  of  »  globe  at  tlie  fur  end  of  a  mdins-vcclor,  "f  ^v/ 
omiccivahlt!  Icnglti,  even  ti)  tfw  orbits  of  Hprschcl  jiiuI  fx-vi-i  i  hi  , 
or  bi-yoiii)  ihcni ;  for  Iho  rmliiiit-vivlor  u  ilw  iiwtnimrnt  iiqJ 
iicc<>ni|uir)iri)i'i)t  of  tbe  revuluttoo.  virtii^Dy  a  juirt  of  lli«  ortiit 
ilstplf,  n-jrr*L«'nliiig  ll»e  corrcupotidiog  point  of  the  cent re'a  own 
eireuinrvmK'v,  at  tbo  point  of  tlx:  orbit  where  ibc  utubo  ma 
liappt-n  to  be  fur  tlic  time,  and  llie  in4li>x  of  the  glotics  rotnlicd 
or  turning  niuiii]  on  ita  own  axi^,  every  point  of  tl:o  globn'K  ciJ 
cmnfpnriice  iitcvitablv  pias8ii>g  tlie  nJit»-*cctoT  otioo  in  ev 
complete  rolnlion.  MetuplijT^iCTily  miwiiU'ritl,  imU-ol,  ' 
of  «n  oHiit  18  an  imiiginary  point,  uiltioiil  lei.glti,  in. 
tliirkiu-.-c^;  but  i^otuidered  ))tiysically,  it  ia  a  ceitain  pitrtton 
Kioce,  wilb  a  certain  dcGnita  circumfcrcucc,  bowovcr  enmll,  i 
Tisiblo  into  aiiT  number  of  ports  or  degrees  likv  llw  urUt  itaell) 
so  ibut  ibo  nrliit  i»  virttudly  ibe  ccnlre  tttulf  exp:ind<'<l  to  tba 
limits  IIS  on  tbe  other  Itand,  tbe  ceotre  is  rirtiiallv  tin  nrh 
itself  contracted  to  tlie  smallest  roiKcIviiblc  limits:  coDsoqitenlty,* 
wliatfver  cmdd  Im^  Indy  prvdicnivd  eotiwrntng  any  point  of  itie 
orbit,  or  cnTiivtrnin^  a  body  movii^  ilong  tbe  orbit,  eoidd  W 
just  OH  truly  pmlicatod  concerning  the  same  or  a  similar  e 
at  any  point  of  tbe  ccntro  itself. 


mi^^ 


Tbe  principle,  and  Ibe  litct  of  retro-rotation,  may  be  bea 
fully  and  perfa'tly  illustratixl  by  tbe  movements  of  a  nmcnctic 
needle  in  a  con)iiL-i.vt-t>ox.    V'ts.  tlie  Imx,  conlaintiiff  lh«  needle^  to 
the  outer  end  ot  n  ro<i  or  radiua-rcrlor  that  sliall  aa«pribo  a  circle 
round  its  other  end  fixctl  in  the  ei-nlrcj  in  such  a  way  tluit  tliu 
two  ends  of  ttte  iiMidlc  idinll  be  peintinj;  (liroctlv  to  Ibe  north  am 
south  poinu  of  the  card  tisM)  iininovably  in  tlic  bottom  of  ti 
box.     Then  make  the  radius  revolre  froin  west  to  ea»t,  ean-Tr 
of  course  the  box  along  witii  it.    As  it  revolves,  the  card  will 
eeen  to  earn'  its  )H)int  N,  in  the  mmw  dircetion  auny  to  tlu>  I 
of  Uw  ni'vdfe'a  north  |>(>inl,  and  so  on  round  llie  nliutu  circn 
fefcnoe,  every  one  ot'ils  points  in  euocesgion  jHi^ving  the  nevdli 
vhieli  will  ^eem  to  stKtid  still,  and  rcniuin  iovuriabiy  poinliog 
tlie  samo  direotion,  or  maintaining  an  iuTariuhle  parulUiixm,  u 
if  it  were  facing  the  sun  or  other  stationary  Rpeelutor  outside 
tbe  orbit.     Now,  in  this  case,  one  of  three  things  bafifwos. — 1 
tbe  boxjKrrrf,  though  it  Iw  to  theradius,  turns  found  on  it>  o 
axiw  -,  or,  'dd^  the  radins  itself,  carrying  the  box  along  with  it,  tin 
ronnd  on  its  own  centre  of  ffravity  or  ihe  pivot  in  tiic  N>x  ;  or,  3i 
the  needle,  which  is  aMK<aft&onil»iHvot,turD9  round  ontluit  pivi 
while  t\w  l>ox  and  tlie-  ra<liu»  revolve  without  rotating.     To  pro 
which  of  them  it  in  tliat  I'olatt'ii,  jmt  fix  the  ntMHlIc  io  Una  wtili' 
the  radius,  in  the  direction  NS.  so  that  it  shall  not  uiotu  on  ita 
pivot ;  titen  make  tbe  rod  revoke,  and  box  and  needle  alike  will 
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remuin  in  the  same  invariable  relation  to  the  radius-vector  aod 
tlic  iTnti*  of  the  orbit.  IJiit.  at  the  firrt  quarter,  or  at  any  other 
intermediate  jwiot  short  nf  llic  lialf-circiiinftTfuoMmt  tin-  ncvdic 
at  liberty  an<l  it  will  6y  ba«k  to  ilii  Dnhiral  piwition,  directly  nortlt 
and  south,  while  the  bos  and  tiie  radiua  will  reinain  aa  before,  in 
llbe  fame  undbturbed  rclalioa  to  the  orbit's  centre^  Tlie  cauiiu  of 
the  needle'a  rotation  is  well  known,  niid  sufficiunt  to  accouHl  for 
tbe  phenomenon ;  while  tlieru  it  iioappnrent  or  probable  vaiu>e of 
~ltalioii  in  ettlier  the  box  or  the  radius.  It  is,  therefore,  the 
_  le  that  rotates,  and  nciltier  the  box  nor  the  radius;  yet  tl« 
effect  of  tikfit  rotation  is  to  keep  the  ncvdlc  in  tlie  some  direrlioa 
of  paralUHfm,  tlic  very  ix^snlt  wliicb,  in  the  moon's  oa8e,a>trono- 
mcrs  would  ascribe  to  lier  uon-rotatioa. 

A  sliipsailing  round  the  world  is  placed  in  rarcuiastances  pre- 
cisely  similar  to  thoeo  of  the  moon.  It  dcHribcs  n  circular  path- 
way on  this  earth's  surface,  with  just  as  much  fri^cdtmi  of  move* 
ment  ai<  the  moon  herself  pcwmes^tes  in  her  orbiL  If  it  were  to 
move  under  the  intluence  of  the  centrifugal  or  tangential  force 
alone,  represented  in  its  caee  by  tliu  wind  or  BtcAin  that  drivesit 
along,  it  would  move  Mtraicl)t  torward,  niid  continually  lift  mery 
point  of  itii  circumference  in  succeft^on  from  tlie  water,  just  as 
the  moon,  if  eciually  fi-ee,  as  astronomers  ossome  tJHit  she  ia, 
would  turn  her  ]>oints  successively  away  from  the  eurtli.  But 
the  moou,  it  is  said,  poncsscs  a  power  of  rotating  ou  her  axis  in 
a  contrary  direction,  and  that  power  "  brings^  tic  outwiiiil  turo- 
i»g  point  continually  "back"  to  the  radius.  It  tti  not  eujy,  ii)- 
deed,  lo  conceive  what  ciin  be  meant  by  *'briDcing  back"  what 
not  only  never  goes  away,  btit  ou  the  contrary  ketpt  invariably 
ibe  same  position.  To  spcjik,  therefore,  nioro  correctly,  wo 
should  say  that  the  alleged  power,  if  it  exist,  ii^yn  the  same  point 
of  the  moon's  eircumfcrcnoi;  continually  in  oue  with  the  radius* 
vector,  and  prevents  its  ever  muring  away  at  all,  »o  a*  to  require 
*'  briaiihii/  iMrk."  It  just  neutralizes  the  natural  tendency  to  ium 
her  circumference  outwards,  which  the  moon  would  have  if^gJiewere 
free.     But  the  ship,  it  will  be  admitted,  docs  not  possess  stich  a 

wer  to  bring  iti,  prow  continually  buck  to  tlui  water,  and  so  to 

its  keel  continiinlly  dinwted  to  the  centre  of  thecartii.   By 

it  means  tbon  docs  it  exhibit,  in   precisely  similar  circom- 

iDoes,  the  sume  phciiDmcnon  as  the  moon,  if  it  want  what  is 

nsdcrcd  imlitipen^ble  to  the  production  of  that  pbunomenon  id 
tbe  lunar  globe,  that  ship  niling  in  Ujc  sky?  Why  docs  Dot 
the  ^ip  present  its  topmaiit  and  keel  alternately,  and  indeed 
every  point  of  its  perpendicular  circumference  ia  siKOCs^on,  to 
tlie  cartb*«  centre,  whieli  is  the  coiitre  of  the  orbit  in  which  it 
rerolves?  It  niuirt  either  do  this  or  bring  the  same  point  ooo- 
linafllly  baiok  to  ita  radiua-veclor  by  virlae  of  some  power  in- 


tiinsc  or  cxtrioKic,  lilcp  that  oscribed  to  th«  moon.  But  the  oii^| 
powvr  kmiffn  in*  ever  mipnoAed  to  act  uw>r  Ibe  nhip  ii^  i'  '^| 
«Ui»ataiM!e%  in  the  attraction  of  gravitnlioti ;  and  if  (hr.:  uj 

sufficient  to  keep  all  U>c  chip's  jvirliclfs  in  tlic  sstiK-  icIulii^H 
pUum  with  i\-H}ii«t  ru  th(!  enrtli'it  centre,  why  Mticiiild  it  not  blH 
suRiciciit  lo  airfoiint  fur  t)ie  moon,  in  such  preciaety  ^inilnr  gin 
eumatanccB,  mbibiting  the  sninc  phcnomtiioii,  (hat  of  |>reM!nlii)» 
tbo  nne  fncc  conlinuiiUy  to  the  centre  of  hcrorhil?    In  nRniTn- 
ing  Uie  exwt«nce  of  ettich  a  rotatory  ])owcr  ati  th;it  nscrihcd  to  r  lie 
moon,  aaJronumera  aeem  to  bo  not  only  guilty  of  tJie  «>i(imim     „ 
(iillacy  of  HOH  catiw  pro  rtiitw ;  hut  even  to  tly  directly  ll^HHH 
fiiOC  of  NcwIoiiV  laws  of  jihlltisDpliiirin^,  whicl'i  U'll   itiillO^^m 
they  aiiglit  never  to  iu^ume  mom  i-uii>e.i  of  iiaturni  rvvtitg  tlmii' 
are  true,  and  sulBcient  to  account  for  tlie  ptienomenn  :  antJ  Itiiil, 
of  natural  effects  of  the  same  kinil,  m  in  the  casoof  iho  shiftand 
tlw  otuon,  tlic  causes  are  the  nme.     Would  not  Uut  man  be 
tbousht  inad  who  Hhnnld  utr'mwAy  affirm  that  (he  vortli's  ccu- 
tre,  atoog  with  the  nuJius-rcctor,  revoUea  about  the  ocntre  d^ 
gravity  uf  every  sliip  tliat  faiU  round  the  world,  nay  of  crci^^^ 
ship,  aniuuil,  locuiuottv«  engine,  and  cloud,  that  deiscnbes  an 
arc  on,  or  near  to,  her  surface?     Yet,  thU  ia  jiirt   wluit 
tronoiners  do  say  when  they  afSrro  that  the  earili  with 
moon's  radius-rector  revolved  about  the  moon's  centre  duriii 
Mchof  her  urbilal  revolutionii.     Think  of  the  earth's  centre 
forming  a  gyration,  or  ltioii^nd»  of  millioas  of  tMrnultanenui 
^rrations  or  o^cillattons,  round  al>aul  all,  and  ciich  individually,  -^ 
^  the  bodies  that  chan:^  place  on  her  surface,  wilhmit  txtrfui^^ 
taking  itx  own  proper  iil'ire — tlio  centro !     Yet,  aay  a3tronotiM>r9H 
Uie  wirlh  hermilf  revoivi-s  .-ilioul  the  moon,  without  ever  leaving 
the  centre  of  the  orbit  1     I  tliink,  afWr  thin,  I  inay  say  wiUi  coi 
fidence  that  the  earth  aix)  the  radius  revolve  about  the  nioon  j 
as  much  as  tlie  earth's  centre  revolver  about  tlw  round-thc-nnr 
auliog  slii))>  and  no  iiior«,  tluit  is  U>  »ity,  not  at  all ;  and  thar  il: 
moon,  like  the  Bhip,  revolves  in  her  ellijrtic  luiliiway.  without 
turning  round  on  her  nsis,  any  ukore  tlian  the  Hhiji  (unu  round 
on  its  ccutre  of  gravity. 

It  iit  to  tlie  action  of  the  eenlriiietal  force,  or  uf  the  earth's 
attraction  of  gravitatJou,  that  1  ascribe  titi:  liiol  of  the  moon's  non- 
rotation.  Under  the  influence  of  the  centrifugal  force  nlon 
acting  upon  it*  whole  mass,  while  the  central  axiaexflusiivbf  w; 
afFccled  by  the  centripet;il  force,  l!ie  mown  would  presei-v's  the 
^jvz//«/uM  already  so  oAen  mentioned;  and  a.itroiioniers  seem 
all  to  BsMime  that  the  moon's  circumference,  and  t)»e  particles  or 
molecules  of  licr  ma«s  between  that  and  her  axis,  are  entirely  frue. 
fronij  and  uiialfi.-cted  by,  the  centripetal  force  of  the  cartii'a  at^ 
traction ;  and  it  being  iimsfretf  an  inherent  or  intrinsic  powafj 
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uf  sclf-rotalion  is  renuiral  to  6riiiff  the  same  point  of  the  ar- 
Runifcreiiue  oontioually  liacA  to  the  radivt-mctm;  But  if  tlie 
doctrioe  of  gravity tioD  be  truL-,  tlicn  tlie  earth's  altruotion  acta, 
not  merely  u|>tni  tlic  amoa's  axia  to  the  effect  of  keeping  licr  in 
liLT  orbit,  but  also  upon  t'very  point  of  Itt-r  circumforuucc,  «ii»l 
cTcry  inoluctilo  of  her  tiiasit,  with  a  tiirco  proiwitionnl  to  tht-  m- 
<)i»l  iii»tniK'«  of  those  nartioleii  from  tho  (Mirtli.  Tiio  t'>ir[)i's  at* 
traciiou  is  consequently  sirongetit  upon  the  la^ariest  pai  U  of  the 
moon's  circumference,  and  its  effect  m  to  neutralize  the  forward 
moritic  impiiW  of  tbu  centrifugal  poner  on  tbugc  |)articleB> 
ftod  h<>l(l  tbum  f»8t,  while  the  axis  Aiid  tlio  outwnnl  ptirts  move 
fbrwiinl  in  oWiionce  to  the  i-entntu^i  itnp<'tu».  '\'\>f-  (tone- 
nil  result  is  that  die  yinnn  of  tlm  iiioniin  itiitw  rt^ioUe  in  their 
reepcitivu  concentric  orbila  with  diHerenc  ilegrees   of  tclocitjr 

tiroportioual  to  the  dimensions  of  those  orbits,  without  rotating  on 
Msr  axis,  which  nclually  describes  a  larger  orbit,  or  moves  fastur 
ibrwsnl  tlian  tlie  iuiin-  point  that  is  said  to  rotate  round  it. 
AMronomcrs  aru  iodei^il  jki  lectly  aware  of  this  real  influence  of 
the  ftirtli's  attraction,  though  tlicy  have  all  fl|'rei'<i  to  on-rloolt  it; 
for  they  say,  to  use  the  woriia  of  Nlr.i  Sonimervilli',  varied  a  littJo 
fixim  Ixiplace:,  "  the  lunar  spheroid  has  three  principal  axes  of  dif- 
ferent lengths  at  right  angles  to  each  other.  The  one  directed 
towards  the  carlli  is  tbc  grvotest.  The  attraction  of  the  wrrtA, 
as  if  it  lifld  drawn  out  that  part  of  the  moon's  equator,  eomtantlg 
B8IK08  ilit  ipratat  turis,  and  vooscijuentiy  the  ssmo  beiiiisi)hcre, 
towarth  us."  If,  instead  of  hrings,  they  were  to  siy  hrefts,  this 
quotation  would,  in  my  opinion,  exj)reti9i  tbc  trite  Htali?  of  tlw  case; 
KMP,  certainly  the  point  remainbg  in  one  with  llie  radius-vector 
never  blls  back  a  hmr's  breadth ;  it  moves  eonstantly  und  oon- 
liuually  forward  with  the  rudius-vcctor,  in  line  with  th«  axis  ilr 
self,  and  never  chancres  iu  relation  either  to  tb«  asisof  lliemoon» 
or  to  any  thing  elite  within  the  orbit  of  that  axis,  except  to  a  small 
extent  occasioned  by  the  epcentricity  of  the  orbit,  the  earth's  posi- 
tion iu  one  of  the  foci,  and  the  varying  velocity  of  bcr  progressive 
movement.  To  th<it  extent  the  moon  vibrates  or  otcillatea  on 
her  axis,  hut  she  certainly  never  completes  a  rotation. 

This  oscillation  or  vibration,  rery  properly  called  the  moon's 
iUmttion  in  longitude,  i.i  mid  by  astronomers  to  be  the  ctTect  or 
result  of  the  uniformilif  of  fur  rotation,  and  tlie  irret/alarity  of 
her  orbital  movements ;  ioT  *'  the  motion  of  revolnlioti  is  some* 
times  slower,  sometimes  more  rapid.  Tho  apparent  vibration, 
tlierefore,  wliieh  it  occasions  cannot  always  exactly  counterba- 
lance the  actual  rotation,  which  remains  constantly  the  fame;  and 
these  two  effei:ta  will  i<urpa«t  each  other  by  turns."  Dut,  the 
moon's  so-called  "uniform  rotation"  lieing  no  rotation  at  all, 
KH&e  other  causo  must  he  sought  for  the  libration  than  the  one 
aasigtHid  ;  and  it  seems  to  be  this. 
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*'  llic  Moon,"  Bays  Sir  laasc  Newton,  *'  is  revolved  about  ill 
Kxis  by  a  motioa  mwf  fquabb  in  ro^eel  of  tfae  fixed  stars,  viz., 
In  27  ilaya^  7  hoors,  43  oiimtee.  tlutt  is  in  tbe«p«ce  of  a  eidunol 
noDl]i ;  so  Unt  this  diurnal  motion  is  ocjual  to  tlic  mean  ittolim 
oFtbemoou  in  ibt  orbit:  tipon  which  accnant  tbc  »uii)c  face  of 
tbe  moon  alvrayii  reniecto  die  «enliv  about  wliicb  thi»  n»-aii  ido> 
tjon  is  (lerfonned,  tnat  is,  the  exterior  f»cii.s  of  (be  moon's  orlA 
nearly ;  and  heooe  arises  a  deflection  of  tbe  moon's  fiu^e  from  (be 
eurlh,  sometimes  towards  tbe  east,  and  other  times  towanU  tbe 
west,  acoording  to  tbe  pceitioD  of  tbe  focus  wfaich  it  reepocrts:  and 
this  dcfloctioD  IS  equal  to  tbevqnaUon  uf  tlic  moon's  orbit,  or  to 
(he  dilfercncv  belwtxt  itA  mean  and  tnn'  motionit,  unil  tiii^  is  the 
moon's  libration  in  loneitude."  Tlic  moon,  at  J4x>g«e,  direct!; 
face»  the  earth ;  but,  when  she  leaves  that  paint  to  more  along 
the  west  dde  of  her  orbit,  if  she  were  to  move  usdor  thi:  iiitio- 
enoe  of  the  ccntritugal  force  alone,  that  force  would  niaifc  Im 
inner  point»  of  o.ircu inference  turn  gradually  outwards,  iii  thedt- 
rcclion  from  cast  to  west  prew'rviit^  tlicir  jwr/iUfiltriiii ;  bnt,  as  she 
prooeetla,  ibe  elliptic  orbit  bel^lm^^■^  griuJnally  dattwr,  and  tint 
iDcreAsing  flatness  nrojiorUonally  diminishes  her  tendent-y  to  re- 
tro-rotate, or  parailtrLzc,  in  as  much  as  the  direction  of  the  ceo- 
trifugal  impetus  grudually  approaches  the  line  uf  the  orliit  de- 
scribed by  \kt  axis,  and  consequently  carrier  foru-ard  all  the  | 
ticIcK  of  her  maw  in  lines  always  becoming  more  nearly  con 
trie  to  or  parallel  with  that  orbit.  At  tho  same  time  she  is 
ting  continually  nearer  the  earth,  m«i  that  approach  di: 
ioereases  the  eartli's  power  of  attraction  on  iJio  nearest  part* 
her  eircumfercncc,  enabling  it  to  ht^d  them  &£tcr.  Stic  is 
continually  incaieasiiig  lier  orbital  reiodty,  and  tlii!  imrmihale 
kxX  of  T.hat  increii:!ie  is  to  leave  the  attraoted  portions  of  her  be 
more  rantdty  behind^  while  the  less  aUraeted  asb  and  outward 
parts  roll  forward.  None  of  the  parts  ever  move  backward ;  fc*, 
if  they  did,  that  would  imply  two  motions  in  the  same  Ijodv,  io 
ooDtiary  directions,  at  the  same  time,  which  is  impnteiihle.  i'be; 
are  eiinply  left,  heliiiid  in  the  forward  {lesition.*  whieh  tbey  baa 
previously  gained.  By  the  combined  operation  of  these  cansn 
^e  result  mentioned  by  Sir  Isaac,  that  the  moon's  noee  or 

Eoint  n,  ill  one  with  the  radius-vector  at  apogCtt,  instead  of 
sing  turned  ijU"  away  from  it,  at  the  end  of  tlie  &nit  qiiadnmt 
of  the  orbit,  is  just  where  it  wa«,  not»  indeed,  in  one  with  the 
rsdius-TOCtor,  but  directly  in  one  with  the  centre  of  mean  mo- 
tion, several  degrees  to  the  Piistward  or  right  band  of  the 
dins,  which  of  course  is  dii-ected  to  the  eccentric  earth, 
ter  passing  this  point,  tbe  itcxiire  of  the  orbit  bc^ns  agw 
increase,  which  incre^utes  tlio  tendeney  to  retro-rotate;  the  ed 
city  is  still  continually  increasing  also,  which  increaaes  tbe  oppo? 
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die  tsndeoCT  ol'tbu  axis  to  learv  tbe  attradiil  fnmta  »(  drcuni- 
fvreocD  behind ;  ami  iIk  nifiilt  uf  tbe  HDlogimiitiii  »  to  bi-ing  tlio 
■■Bt  a  i^^Rui  t»  the  radius- vector  at  peng«a  Froiu  jti-rigM 
Btkwonl*  to  .-)]Migi.v,  tlie  mmu  uroceat  is  gone  UinMi;u;)t  in  the 
l«\-eiv«  onior,  jtlong  lite  other  aide  of  the  orbit,  so  llist,  wlu-n 
die  revotiKJoD  is  completed,  a  ii  again  iu  ontt  with  thi- niiliuK 
But  the  variations  whicli  thu  inooD  exhibice  tUK  tbe  eflecb  ol'  roal 
ntatiim,  or  turning  raniid  on  ht-r  axis,  to  the  extent  of  the  libra- 
tion ;  and  tl>e  w)k>Ic  procct s  is  a  real  Mration  or  halancin^  od 
tbe  tain,  and  nut  merely  »\>  (i(itical  deoe|ition,  as  some  iistro- 
oomcra  call  it,  tliough  ii  may  be  tnifi  enough  that  thu  earth's  uc- 
centi'N-itr  wilh  reopect  to  the  orbit  loakes  tlic  libratkH)  appear 
larger  ihuo  it  would  be,  under  Ibc  effect  of  tlie  autagoniet  foroea 
ooljr.  If  the  moon  wtrn;  nut  to  rotate  ut  all,  the  eanie  point  a 
would  rcinain  eoiitiiiu»lly  in  one  witl)  tho  rn<lius>voclor.  Xbc 
mdiuv rector,  however,  U^itig  iiulhing  in  il^If  but  un  imii^inurj 
stnight  line  drawn  betwoeu  the  earth's  axty  and  the  ni(ion'«,  tlic 
dmrgeoce  of  n  from  that  line  iadinale8  a  real  movemeiil.  of  tbe 
moon's  cireiiral'ereDcp  past  it.  in  tlie  direction  of  tire  libration  for 
the  time ;  and  tlie  returu  of  the  point  a  to  tl)c  radius  oijuully  iu- 
dtcatcH  on  osdllalion  of  thi:  moon  on  her  axis  in  that  ilin^etion, 
for  the  nidi  111^ vector  itself  nerer  tunm  ImcIiw  itrilit  on  the  inoon'K 
nis.  Its  tiiotion  is  alwnjrs  forward  oiily,  along  willi  tiic  axta. 
Tbae  motewenisiiioivo'cr,  are  suhjeet.  to  the  oerturhiiig  influcni« 
wfnob  act  upon  ibe  moon,  to  tbe  elTect  of  onnnging  i^untinually 
the  form  and  extent  of  her  orljil;  and  »•  far  tlic  liLiiuion  will 
Tsry  coiiisidcrabiy  from  what  it  irould  bo  in  a  n'gulur  «nd  steady 
elliptical  orbit  Id  a  perfect  orbit  or  circle  thorv  would  he  uo 
libratiun. 

Fandoxicjd  ns  it  may  seeni,  1  believe  the  nme  eauaea  that 

tlie  nioouV  i-otation  atituolly  pinduce  liie  rvlation  of  the 

on  her  axh,  and  auch  diHerent  elfecta  of  ihe  Baino  cause  are 

r'  be  ooeonnted  for  by  tbe  earth's  very  great  decree  of  veloraty 
conparcd  nilli  tliut  uf  tlie  moon.  She  'Aivs  iilong  her  orbit 
thirtii  tinm  faster  tlian  tlu;  moon  in  hers ;  und  this  aBUZingly 
grwurir  t-dociiy  iiuike»  hw  axi«  and  outLi"  mii*a  leave  the  inir»- 
arbttal  ]>arta  of  tlie  niaaii  for  tlie  time  being  ao  luueh  more  rapid- 
ly bebiml  tiian  the  moon's  comjiarativt'ly  t>low  movement  makfls 
Iter  axis  leave  iicr  inner  drcmnlerence  behind,  that  tbe  ilifiV-reuce 
of  effect,  so  far  iironn-onlrjidirting  [hoiiypothiMis,secm!i  lo  afford 
u  Strong  confimiBtion  of  iL  Van"us  hypoliii-scs  liave  heeu  3ug- 
ecstcd  lo  iieount  for  the  rotation  of  the  earth,  and  the  niuun,  and 
ibe  ottter  j)lanets ;  but  tlie  one  that  Beems  to  have  been  received 
with  lOQ^t  favour,  and  to  have  been  oonndered  us  the  most  pro- 
bable, is  that  of  John  Iternoitilli,  wlio  "h.-u  sliown  ou  meeliani- 
principles  that  one  impulse  woiiUI  produce  hotb  slniuIt.-itieou9 
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KToliitwn  m  tlw  or)»i  sod  rutatioii  on  Uie  axis,  aad  eveo  calci 
ed  the  |)fectae  txitiu  nt  which  it  mitst  havR  been  applied,  so  m 
accord  with  thee\ii>ling  motioma  and  velodties"  of  tbe  earth  And 
the  moon.* 

But  BeroouiUi'a  hypotbeBb  proceeds  on  ibc  OMump^on, 
IDDD  Id  him  with  otlier  nuUlKtoattcinns  and  ustronomcra,  that 
pisneta  and  tltcir  satcllitci  move  ahout/rrr/y  in  ctjiAce,  under 
aiDgte  conditiiiii  nf  ivvolving  in  cc-rtaiii  ikfiuitc  orbits,  a 
tion  whidi  iifietiA  iWir  centres  only,  leatitig  th«ir  cii'cumfcrcnco 
aud  all  the  olber  iiarlicles  of  the  maas  jicrfcctlj-  free.     But  if 
there  be  any  truth  at  all  in  llic  Neirtoniuu  doclrinc  of  grnTiU- 
tioD,  or  in  Uw  vummoii  doctrtut;  of  tliv  Icrnvtrial  tides,  nil 
particles  of  Uic  circutRfurviiw  aim)  tbe  mats  aliki;  are  aflected 
the  mutual  atlraclions  of  Uie  difiV-rcnt  revolving  bodies,  t' 
pRrlicles  tiuit  arc  neiin^^d  tbt^  external  altraetion  l»jti^  morQ| 
tfaoee  fonbcst  off  bring  le-ss  aflVvtcd  thnn  tbe  centre  itw;!'  "^ 
ncTcrtbclcfis,  conaietcntijF-  with  IJcrDoiiiili's  hjpotli«sis, 
oon»idered  to  be  tbe  only  part  afluctcd  at  all,  llio  attracting  power 
jxtsMDg  by  and  through  tbe  intervening  particlcd  without  giv- 
iDB  token  of  it.s  presence.     Moreover,  the  roLttur^  effect  of  the 
obltquu  impulite  vrliich  lie  poatulateti  could  be  pennsncnt  only  ii 
the  esse  of  a  body  rvroliiug  freely  ill  space,  that  is  to  My,  wi(^ 
only  it«  mat  be  mat!  all  ceiiiro  attracted  to  the  centre  of  the  orhlt.' 
But  tbe  earth  is  not  gucb  a  body,  and  there  is  not  within  ou^ 
reach  any  prujectile  wliatever,  tluit  e^n  be  nia<l«  to  move  alongJH 
orbit  or  a  curve  unalTeeled  by  tbe  earth's  attraction  of  gi-avilawRI 
acting  upon  every  particle  of  its  mfts  from  without,  and  direct- 
ing or  controlling  its  movements ;  and  it  appears  to  me  that 
without  sudi  an  cstcrnal  cause  of  rotaUon  ss  gravity  suppU 
tbe  rotating  tendency  produced  by  the  oblique  iniptibe  vn 
ceAse  as  soon  us  the  moretnent  wtu  communicate^  to  the  wi 
mass,  vliich  would  then  fly  forward  with  alt  its  ^nrticle?  in 
direction  only ;   for,  as  already  reuiaiked,  Uiey  cannot 
backwards.     All  that  is  wanted  is  a  power  to  keep  tlicm 
and  that  is  more  likely  to  be  fuuod  without  than  mthin  the  la 
iDg  body.     It  is  a  uccative  power  not  very  likely  to  be  foutii/ 
any  revolving  bi>dy.   Though,  therefore,  a  stone,  or  hall,  or  qu 
thrown  Irom  the  hand  with  a  furco  actii^  obli(|uely  on  ils  cen 
of  gravity,  turns  ruund  on  that  centre,  yet  every  otleulation 

*  "  Jntn  DcTiouilti,  <tan>  do  nnnatre  4c  dTnniniqaF,  ou  U  toaddcn  le«  ccomt 
ipontHiis  ilu  MlftLun,  (nil  TOlr  qu'nno  force  dit  pn\|ei:lliin  appliqui  aoa  ft*  n 
cantrcdo  I*  tern,  rnmnun  [ii'ii  plui  loin  i!u  •i>tril.  cl  ntlntit  jjg  du  r>you. dtniD^ 
roll  ■  Itt  ttnv  tapfoiiiv  tDiul--  ri  liuinui:'''"''"-  'I''""  ■"''uvcniiun  aun  coMSunis  • 
<*ai  c|iiv  I'on  iilit*rv*  ipoiuJa  luoi'  i^,  £innipuIiiiunpr!ni!ltv*Bi>l<lU»pp(imf 
■  dM  pl(ugniii<]c«iluiUncini]acl)Dqiia««iitnslf  mmTmcetdarotMioaMMil  plu 
»pid«.    I'lirjltloptUit,  Art.  RetuUtn. 
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'ftpectlng  the  (.-ause  and  coust-qucnoes  of  lis  movemenls,  Ibst 
leaves  out  of  account  the  earth's  varying  degree*  of  altractiou  on 
Uic  iJifftrcnt  parts  of  the  niH«s  and  tlicir  elfecl  upon  its  move- 
mcnte,  iniist  bo  crronooua.  To  me,  therofore,  it  tfeems  unqnes* 
tiuiuiblc  that,  «vpn  if  tlie  earth  had  Iweii  originally  set  agoing 
by  some  siirh  oblique  impulse  as  ISemotiilli  supposes,  the  rota- 
tion would  have  elopt  as  soon  as  the  whole  aiafs  was  «et  in  mo- 
tion, and  thill  it  wouM  at  all  evt-tits  hiivi;  Iwctime  insIiiDtly  siJ)- 
}cct  to, and  hci-n  iiiodilicd  niid  eontniUeil  by,  the  sun's  attraetioo 
of  grit vi  1,1 1 ion,  and  i^ven  stopt  at  ouoe  if  it  had  been  in  its  direc- 
tion ineotnpalilili;  witli  the  acliim  of  the  solar  centrijietal  forces 
In  the  case  supposed,  however,  its  direction  would  be  perfectly 
consiHtont  with  the  action  of  that  force,  whieh,  *o  far  from  hin- 
dering the  rotation,  would  rather  aid  it ;  but  which,  at  the  same 
dinr,  would  be  (lerfectly  sufficient  of  irj«-lf  lo  produce  that  rota- 
tion, without  the  primary  oblique  impulse  supposed  by  liernou- 
illL  Suppose  the  earth  to  have  been  travelling  straight  forward 
in  space  at  her  present  mean  orbital  velocity,  out  without  turn- 
ing round  on  ncr  axis,  when  she  came  within  tho  influence  of 
the  sun's  attraction,  tliat  power  would  not  merely  grairn  her  ccn- 
irc,  but  would  atTcct  bi-r  whole  mass  with  various  deereea  of 
force,  proportionid  to  their  distances  from  the  sun,  and  tlioee  at- 
traeled  most  would  naturally  feci  the  influence  of  the  attraction 
in  the  relanlatmi  of  their  forward  movement,  while  the  parts 
fertbest  off  would  continue  to  fly  forward  with  comparativo  free- 
dom, and  the  greater  the  forward  velocity  of  the  muja  in  its  or* 
Wtal  revolution,  iho  more  nipidly  wouhl  the  attracted  parts  be 
left  In-hind,  to  take  their  turn  in  the  rotation  as  soon  as  relieved 
from  the  aim's  grasp  by  liie  lever  power  of  the  forward  particles 
acting  through  die  centre  of  the  revolving  body.  In  ino  rota- 
tion  of  a  progressing  body,  as  formerly  observed,  no  part  of  it 
ever  moves  or  can  move  onekicard ;  all  the  parlictcs  alike  move 
forward,  and  only  forward,  ami  tlieir  retardation  is  in  all  case* 
to  he  a.ii,Tiimd  ni'/rf  prnfmhty  in  friction,  oi*  attraction,  or  other 
hindranw  from  without,  which  are  all,  in  their  ra^ective  degrees 
and  qualities,  more  or  leas  guffidetit  cauite,  than  to  any  intrinsic 
power  of  rotation,  from  whatever  cause  originatin" ;  and  more 
especially  when  such  a  supposed  hidden  cuubc  is  not  mdi^ensably 
CSicniia]  to  the  production  of  tin;  visible  efTcct.  Burnowilli's  hy- 
potheicis,  tiicrefore,  is  clearly  at  variance  with  Newton*3  rule  of 
philosophising,  which  requires  ua  never  to  assume  more  causes 
of  natural  evenU  tlian  are  truf,  and  sufficient  to  account  for  the 
phenomena.  It  cannot  be  called  trus  so  long  as  it  is  improbablo, 
and  it  cannot  be  callc^l  s'lffideHt,  inasmucti  as  it  ascribes  two 
kinds  of  movement  in  contrary  directions  in  the  same  body,  lo 
the  sime  enusf ,  namely,  the  action  of  the  centrifugal  |)Ower,  and 
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Inntea  qiiiU:  out  of  eoiuid oration  the  niitdgonut  iiiHueiiiMi  of  till 
oeottHfugal  force  iipoi)  tbr  cirfiiinCLiTiiOL'  uf  iW  ruvnUing  muL 
It  is  lliu  iiclioTi  of  Xbv  ceiithfitgnl  furce  tluu  umki-*  ii  \iwly,  ni 
rolvin^  in  an  orbit  vith  iLi  cireiiuitcreDCt'  un.ilfM'liHl  by  a  pin 
inni'}''.i  aUrat-lion,  Uiro  rouDil  dd  its  axis  from  east  to  weat,  or  ytv 
Mfve  its  (Mrallciieni ;  sixl  if  tlic  fundion  of  making  it  rutsic  in 
llw  contrary  direction,  frutn  wuit  to  vast,  were  tu  bu  uwigiii-il. 
w  it  is  liy  Dcrnutiilli's  hypotbi-nis,  to  tliv  uktiHi  wnlrirucul  jiow-cr, 
that  jKiwcr  would  be  brought  iiitu  the  ratlivr  iiwkw;ir<l  jin-Ui^-n- 
incDt  of  acting  as  its  own  antAgoiiiit,  in  producing  two  oootrarj 
ipciTcnients  at  tb«  saiiw  lime  in  t]i«  Eam«  body,  and  thereby  ueu- 
Iriilizing  its  own  i-flbrts.  Thi-  bypollivHs,  thorcfon;,  may  be 
^lirly  rvjcctc^l  ks  iu«utBdcnt  tuid  unirur. 

If  the  i»rtli  were  affected  excluMTvly  by  tlw  itun'«  iiltracliuii 
of  nrnriuition,  her  rotation,  I  believe,  might  1»  wisil'' 
Mul  stifficieiitly  acroiinletl  for  in  the  manner  I  lute  < 
but  she  doca  not  move  iilvnc  in  her  orbit,  and,  u-iih  aiu-li  » (viii- 
panioa  m  tbe  rouou,  thv  ]ii'obleiu  bccouF^  eoincwluit  more  oom- 
plicated,  llioujch  »(^iUYely  niorv  dillivnlt;  for  Ihv  niouii'8  uitTiii'- 
tion  acts  in  tite  name  dti'ectiou  it*  tta-  »uii's,  awl  lit-lps  to  tu 
tile  boily  rounti :  and  not  merely  hvlpr,  h»t  pmtKtbly  »lw  a  1 
piinoipial  agent,  her  power,  iirom  ber  neame^iB.  U|xmi  tbu  eart 
dri-uniferuncv  being  much  gruiter  than  the  aiui'fi.     To  thui  vi 
of  lite  ensu  thi-ro  iiiny  Ih>  mm  objection  sinrted,  namely,  that  the 
liilittd  portion  of  the  earth's  eiirfiicv  inuvL-s  vettt«urd,  contrary  h> 
tW  r<)l»ti(in,  which  would  nnt  liapjicn  if  the  moon  liereclf  were 
tin:  c»use  of  liie  rotation.     Hut  tlie  enrtlia  ix>t4iiiuu  it  not  ttiu 
feet  of  the  moons  action  only ;  it  h  iirmbieetl  hy  the  cnmbiiii 
operation  of  ila  own  centrifugal  power,  tlie  ccntrijietal  powM* 
me  sun's  attraction,  und  llio  moon's  powor ;  and  the  elTet:!  of ' 
eomliincd  vniisc*  \»  to  iiuikc  il  rdtiitc  fastrr  tliait  (lie  moon 
tolvcK,  eii  tlint  the  nolid  pai'l.i  of  tlio  rotating  ninss  continue 
utuve  forward.  nhik>  the  litpiid  purls,  hkitis  eaeily  ufii-ittil  I 
aodcooseqwiill^'  more  obedient  to,  the  niMui's  power,  an:  h-ft 
hind,  to  a  ecrtiiinexteut,  by  tiK-  »ilid  part^  which  slip  away  fi 
below  tl««in.     The  waters  uf  the  oeoaii  do  not  really  roovo  Imo! 
wards,  or  in  a  direction  ooiiirnry  to  tiiat  of  the  cur'lb'a  roMtioQ 
lliey  only,  owing  to  their  li<iiiidlty  and  gn-alfr  i<iuceptibility  iV 
(■xtt^rnat  afftxTtiuns,  ruliitc  more  ivlowly  lliuu  lite  atVtd  piu'Ui;  but 
still  they  do  participfttc  in  tlie  ucitcral  rikUitory  inoie^ieni,  pawd 
ing  the  moon  every  day,  as  n  ell  us  the  dry  land.    "  What,"  mm 
Punch,  "  is  tlic  caiuc  of  the  earth's  rotation?    I*rolehlv,  ikmuJ 
mte  t/Mni  ttirn  lirxcnva  (inothfr,"     This  jot^ilur  piiiv  of  pltilusJ 
phy  is  not  so  fiir  from  tlie  trutii  ait  niigtil  Ix:  itiuigtmxl ;  fur  vArr/ixJ 
turn  not  onlv  deserves,  but  really  leoils  lo  produce anotbrr ;  aim 
the  unifornntv  and  regularity  ol  tlie  ciirth'o  lolatiansare  jml  ilJ 
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KSult  of  a  long  series  of  "good  lurna,"  «vcry  oue  of  wbi<:b  Iuk 
teniied  to  help  forward  its  succeesora. 

Tilt.-  ami's  rotation  may  he  uccotmUd  fur  in  tlic  same  waV' 
All  lliv  planets  mid  aJI  ttieir  MaU.-llite«  act  upon  liini  m  wdl  aa  he 
acl£  upon  llicni;  Uicir  votnhiiied  nower  altogetlier  is  iiot  niffi- 
cieut  U>  move  him  fiH>ni  hJs  ptatre,  but  it  may  oe  quite  ttuffidcot 
to  |)ull  liira  irouud  on  liia  axis.  Tlic  planets  all  revolve  hi  tbe 
aame  direction;  and  their  pullinc  powvr itc^ug,  as  it  liaa  acted 
for  countloea  ages,  mar  luivc  rcsuUnl  ut  but  in  u  moan  ntovoment 
of  rotation,  ju«t  like  tbut  of  a  fly  wheel,  which  moves  with  rega- 
Ur  velocity  uotwitli^tandin^  tlic  irregular  applicatiou  of  ttio  ruov~ 
ing  [Kiwer.  The  plnnet^  may  be  considered  as  so  Enany  men  or 
borseit  pulling  by  so  many  ropes  at  tbe  circumference  of  a  mon- 
stroiLs  wheel,  which,  when  once  set  lalrly  in  motion,  continuGs  to 
novo  of  itself,  with  ii  Telocity  proportionEil  to,  tu  well  as  produced 
by.  the  rnrioiifi  ctturls  uf  the  combined  powers  And,  perliape, 
if  liu'  sun  liiinwir  Iw  only  tlie  Kkti?llite  of  some  mightier  centre, 
liis  rotation  will  have  to  tie  ascribed  in  part  ta  that  also,  ac  well 
as  ttie  earth's  to  tlit;  action  of  the  sun. 


The  error  respecting  the  moiiu'a  alleged  rotation  seems  to  bav« 
taxtooiid,  or  served  nt  la;<t  to  confirm  another  error  respecting 
K  mwwiriv  of  rottititiu,  «ud  the  equation  of  time.  "Tlie  lenglK 
of  the  jiatroiiuinieiil  mean  day,  which  is  dividud  into  24  hours,  la 
determined  by  the  interval  which  dapscs  butwuvu  two  conseou- 
tire  paieages  of  the  suit  over  tbe  meridian  of  the  saiuc  place, 
tuppo^Dg  this  apparent  motion  of  the  aun  to  be  pctrformed  witii 
an  unil'orni  velocity.  But  it  is  necessary  to  ohserve,  tliat  our 
earth  liocs  not  orcupif  yuilv  24  hours  in  its  rotaltoH,  on  account 
tlat  ill  the  Ktiiic  tiiiio,  wiiich  it  cmployti  in  revolving  round  its 
tiXix,  it  advances  in  it^  orbit  towards  Ihts  e^st  about  a  degrco  in 
^Mce,  corresponding  to  4  minutes,  or  more  vicactly  to  S  minutes 
66  aecouds  of  time.  Hence  it  followa,  that  the  interval  bctwoen 
two  pasugos  of  n  fixed  star  over  the  same  meridian,  whicA  tnea. 
turfi  tie  irur  tinit  qfihe  mrth's  rotation,  or  of  the  sidereal  «lay, 
b  only  '2'.i  hiiui'.s  <J(}  minutc-s  4  hccoimIs,  The  xidereal  day  b 
the  period  in  wliicl)  the  earth  maitcs  one  comptrle  revoliUion  m 
her  ojrisy  ami  is  measureii  bi/  tlie  intcrcal  betwtrn  ttoo  ttuvetsivf 
tnmsits  of  anif  fixed  tiar  oner  the  same  tneriiUaji.'' 

The  slightest  consideration  should  suffice  to  show  tbe  absurdity 
of  sucli  a  notion.  Suppose  a  body  to  revolve  in  a  perfectly  cir- 
cular orbit ;  and  its  own  circumlt-rence  to  he  of  exactly  the  same 
dimension?!  aa  the  Jenglh  of  one  degree  of  the  orbit  (lescribed  by 
its  innermost  iwint  of  vir<-iimf«i-eiiee.  As  alreiidy  rvniarked, 
fltery  revolving  l>ody  bos  a  cerUiin  definite  breadth  or  tliickness. 
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which  causes  iu  partielra  to  revolve  in  different  ortHls  nxnor*     I 

■'tional  to  their  radbl  distance  from  tbc  orbil's  uctilrc ;  anil,  it  tlii:     I 

^orbit  described  by  tbt-  bodj'a  iiiricriDufit  |»iMnt  i)f  vin-nnifcrcurp,     I 

a,  be  fxacliy  i.-<]i»ul  to  360  mcasuro  of  ibr  btxlyx rlmmifrrtm-c,     I 

it  \»  obviou»  tliat  tlw  retuni  ota  to  the  nuliua-vector  will  U'  llie     1 

nieaaun!  and  indicator  of  each  rotjiUon;  yet,  in  every  such  rett-      '■ 

tk>D,  any  given  star  will  Apiiear  on  tbe  sniDO  meridiun  sooner  lliao 

rit  the  preceding  transit,  and  these  dailv  gainings,  nr  losses  Talher, 

of  the  £tar  will  nuiouiit  to  one  sidereal  lUy  in  tl»c  (xiuriio  of  tiiii^B 

SL>ar.     Froiii  this  it  folliiws  rao«>t  obviotivly,  lltat  ibu  tniiiHlt  o^Vj 
le  fttar  'a  nut,  and  munot  Ik,-,  tbo.  mi,-a.sure  of  n>liiltorr,  inaf- 
tnuch  as  tbc  mesMire  it  ^vc9  is  4  minutes  of  time,  or  )"  of  tiptice, 
shorter  tlion  the  measure  of  tite  revolving  body's  real  circurofe- 
rence,  which,  aa  already  suimosed,  measures  exactly  one  degree 
of  tlev  inner  verge  of  llio  orbit.     The  ixniiro  of  llio  orbit  never 
chances  iti>  plnar  in  the  slightc6l  dqjreu;  tlie  radiii«- vector  il 
equally  intnrintile  in  its  rclulioii  to  tbc  revolving  body ;  ir  never 
_yaf/«£ucA a  hairs-breadth;  its  whole  length  inovca  conHtantly  fw-^ 
ward,  und  forward  only,  luniing  round  on  tbo  centre,  und 
centre  only.nnd  not  nt  nil  round  about  tlic  revolving  boily'sAxisf 
coniie<]Uetitly,  its  relation  to  the  orbit's  centre,  .-inil  to  tlte  body*' 
axis,  is  [MX'ci-'oly  ibi^  ?Tinie  ot  every  decree  of  tlie  orbit's  cireuiB* 
ference.     Wlmn,  tbi:rk-forc,  a,  in  rotating,  turns  anny  fn>ni  ihaflj 
radius,  tlie  radiiui  ttiuvtu  forw.ird  ju«t  our  mfa*urr  of  iIk-  body^^l 
circumference,  and  meetn  a  ogiiiit  at  the  end  of  the  fintt  dc^'ree 
of  tiie  orbit ;  and  the  sane  thuig  is  repeated  in  every  one  of  tlie 
360*  of  which  the  orbit  conasts.     If  the  body  were  to  stand  at 
any  point  of  it»  orbit,  and  turn  just  once  rouiul  on  its  axis,  it  is 
most  obvioti.s  lliiil  the  return  of  tbe  same  point  a  to  the  rndiuB- 
reetor  would  Ite  iuiaiiinioii»ily  aeki)owlciI;;cd  to  lie  tl>e  iroinpte* 
lion  of  jufit  one  rotation;  but,  wbnt  »!iould  make  a  dilTerenre, 
when  the  rotation  is  jierformed,  not  all  at  once  at  ilie  same  point. 
but  only  gradually,  minute  for  minute,  as  it  were,  during  the 
,body'«  prngrew  in  the  orbit?    No  i'eatonabk  answer  but  the 
true  one  can  In;  given  to  this  <iu(?«tioii,  and  that  true  answer  is, 
that  there  is  not,  and  cannot  be  any  difference;  and  tltut  in  a 
perfect  orbit,  with  a  revolting  boily  describing  iipial  nnui«  io 
in\\\i\\  limca,  which,  in  that  i-ase,  would  be  with  perfectly  unifonn 
velocity,  tbe  rii<liui«-vector  indicating  the  trausil  of  the  sun  witltio 
the  orbit,  und  not  the  truniiit  of  the  star  outside,  woiUd  be  the 
triie  mciisure  of  rotjition. 

'Fhe  ptienomenid  relations  of  the  heavens  and  the  ciuth  ait 
tlic  same,  uhother  ne  osi'riK-  ihctit  to  the  eartb'*  orbital  ti>ov^ 
ment  round  the  circntl  of  the  lnvivcii.s,  from  west  to  east,  or  to 
tlj«  ci  room  solution  of  the  heavenly  B|>i»ere  itiielf,  in  tbe  oppo^te 
direction,  or  fnta  cast  to  west,  round  the  earth  at  rest  m  the 


centre  of  the  unW«f«c.     Suppose  then  the  earlb  to  remain  at  a 
fixed  point  of  space,  while  the  sphere  of  the  heavens  turns  round 
»bout  it,  and  to  turn  round  on  its  own  axis  36U  tiinee  during  the 
period  of  the  revolution  of  tlic  stars  in  the  ecliptic;  the  sun  nil 
the  time  remaining  in  the  centre  of  the  orhit,  in  ODC  with  N 
outside,  or,  as  it  were,  Btrniglit  CDiith  of  N,  north,     CommcDC- 
iof5  lilt  revolution  «t  N  (tljr-  5,)  and  moving  from  cast  to  west,  or 
to  the  right  hand,  while  the  earth  at  the  same  time  tiirnft  round 
on  its  axis  from  west  to  enot,  the  star  vill  continue  to  move  ol- 
wajra  farllicr  and  further  away  from  N,  to  the  extent  of  one  de> 
gree,  during  each  of  the  earth's  rotation*.     But  the  cJirth  is  Gi> 
M  in  the  same  ]ioint  of  spacer,  an<!,  ao  long  as  it  is  «ti,  its  rota- 
tion ean  only  he  eonipk-te  when  the  same  point  of  its  circuco- 
ference  a  returns  to  tint  lixed  jiohit  N ;  and  the  opposite  jjoint 
b,  180'  distant,  again  fapcs  the  sun,  and  ia  in  one  with  the  ru- 
tIi(ls-»cctor,  or  ^traiglit  line  that  connect*  N  and  S.     In  making 
this  return,  a  will  every  day,  or  in  every  turn,  ho  in  one  with  the 
od-moving  star  four  minutes  sooner  ihaii  it  reaches  N  ;  conae- 
qnently,  its  niCittion  will  then  he  incomplete  to  the  extent  of  one 
Uearee  of  its  own  eircumference.     On  the  second  day,  a  will 
point  to  the  star  8  minutes  before  it  reaches  N  ;  on  the  third 
day,  12  minutes;  and  so  on  through  the  whole  series  of  the 
e«rt]i'«  360  rotations  or  dam  during  which  it  will  liavc  seen  the 
xtar  ^61  times,  the  si<lereal  day  hciiig  I-:i60th  imrt  shorter  than 
tbc  »ohir  day,  which  mcjisurcs  the  earth's  complete  rotiition.     It 
18,  however,  perfcelly  ohviouM  and  undeniable  that  in  this  case 
the  difference  is  occasioned  by  the  stirs  moving  away  fiom  N, 
and  not  by  N's  moving  away  from  the  star;  eonseouently,  tlie 
ttAr,  by  so  moving  aw^iy  from  N  to  an  nlwnys  incrcusing  angular 
disliince,  presents  itseli  to  the  earth's  noint  a  four  ininules  of 
time  sooner  in  each  rotation,  or  every  aay.     It  is,  on  the  other 
band,  just  ■is  perfeelly  obvious  and  undeniable  that  tiic  rotation 
ie  incomplete  till «  return  to  N ;  and  that  being  so,  either  N 
itoelf  or  a  straight  line  drawn  between  it  and  the  sun,  must  and 
eaii  be  tile  only  true  index  of  the  rotations.     Now,  ju&t  reverse 
tlie  process,  and  let  the  star  stand  Htill  at  N,  while  the  e.arth  re- 
votvojt  from  west  tu  cast,  rotating  as  before,  and  carrying  of 
cour%  its  r,idi us- vector  NH  along  with  it,  which  radius  will  r^ 
volve  round  S,  as  its  pivnt  of  rotation.     AVhen  the  earth  oom- 
)lkte«  hur  lirst  quarter,  tho  star,  roniainiiig  at  N,  will  be  in  pre- 
cisely the  same  relalion  of  place  to  ihe  uirtb,  as  it  was,  when  it 
(the  starj  had  rejiclied  Its  own  lirst  (|iiarti!r  ofniUUion,  while  the 
earth  was  remaining  at  N  :  and  so  on  throughout  the  whole  re- 
rolution  of  the  earth  in  her  orbit,  which  is  precisely  the  converse 
of  that  of  the  stars,  their  mutual  relations  being  precisely  the 
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ft/aae  m  tioth  aut».  Frou  Uiiji  it  fuUowK  ioovitaUy  that  it  b  tlie 
eun's  tmiiiiit,  iuiticatcil  by  the  ponafle  of  the  point  a  or  i  across 
,  thu  rodiuv-vcctur,  and  iiot  ttie  transit  of  any  star  over  any  ki*'-'" 
pnnrUlian  of  Ihc  earth's  snrfaov,  tJiat  ia  tho  true  iiK-a«urc  oT  Uic 
Eeirtlt's  rotatiunit,  or  ut  least  tluit  vuuld  bo  fo,  wvre  tbu  cartb't 
urbil  a  perfect  circle,  itloDg  ulii<.-b  Aki  movtil  with  uniforDi  ve- 
locity. 

Stippow  tlio  earth,  iiMtead  of  rotating  365  or  360  tiroes  in 
ench  orbital  nsolutioD,  were  to  rotate  only  once.     By  rotating 
inter,  however,  be  it  observed,  1  do  not  mean  that  she  alwakl  keep 
the  some  pcHot  of  bur  circumft-rence  oonstaiilly  on  tlic  radJus- 
F  vector,  looKine  to  the  ma ;  on  tlic  contrary  I  rcatly  mcitii  to  my 
I  vhat  the  word  cxpTv^woif,  tbul  »}i«  »lto*dii  iiidcod  turn  oiiot;  rouou 
tabuul  on  ber  axiu  IHk  a  tcAeel,  carrying  cvury  (Kiiul  of  Iter  eir* 
tcunifentticv  (Mat  the  ra(Uus> vector,  ami  across  the  orbiL     Of 
LeuuTM,  a»  already  retnarked,  and  ta  admitted  by  all  astroDonienj, 
>  l]>e  results  wrould  bo  precisely  the  same,  whether  tlw  etar  rcrolve 
round  about  tlkc  hcareiM  from  cast  to  viest  vhtle  the  earth  stands 
still  at  N,  or  tlte  wirlli  more  romul  in  the  contrary  direction,  from 
w«»t  lo  east,  while  tlie  »tar  atandd  still.     I^^t  the  earth,  there- 
fore, for  tlw  prevent  l>o  comidercd  as  staiKliog  still  at  X,  and 
let  the  star  revolve  to  tba  right,  or  frwn  east  ta  we*t.     By  tfao 
time  the  star  rcachea  tlic  liret  degree  to  the  right  of  N,  the  earth 
will  have  lamed  on  ber  asis  one  dt^iree  in  the  ojmoeite  direction,  ^ 
tuaking  lugvlhcr  u  ditTi-rencc  of  ttco  degrees;  ana  this  being  ro*  ■ 
pouted  ul  tuich  dogret^,  the  tUu  will  niake  its  truui^t  over  tlie 
Nimc  meridian  which  it  left  behind  ut  X,  wlien  it  has  only  gone 
ruiiiid  half  Hi  cinitif  of  lbs  heaveiix,  »iid  llic  cartli  luu  turnvd 
only  half  round  on  its  iLxia.     Afior  a  simlLir  proce»«,  during 
tlie  other  half  of  tlie  star's  revolution  and  the  eiartU'3  nrtatian, 
tlie  star  will  maku  a  MKond  transit  orer  tho  same  meridian,  or 
ID  other  words,  the  star  and  tlxt  invrldiau  will  again  be  in  one 
at  N,  after  eompliding  their  rcj^'tive  circuits,     uut  it  must  be 
perfectly  cibvious,  that  in  thiii  process  tltecartli  haa turned  round 
on  its  a:iLis  milif  imce,  and  measured  ita  eomjilete  i\>tiilioti  by  cai^  M 
rying  every  pulntuf  its  circumforeooe,  wit  lioiit  exception  or^urt-  V 
coming,  pa»t  tliu  railius-vector  and  the  aun ;  and  consequently 
tjiat  tliu  radius-vector  and  tin;  sun's  transit  arc  the  sure  and  only  ^ 
UKfuures  and  indications  of  eoiunlele  rotation,  while  on  tlic  cou-  fl 
'  trary,  the  star  and  its  eidoresl  day  falU  nliurt  of  tbat  complete  I 
ntra^ure  bv  no  lest  tbau  a  half  rotation  in  tliis  particular  cast  I 
If  tlie  earl\i  were  to  rotate  twice,  the  star  would  have  thret-  Iron-  I 
iita ;  and,  in  sitorl,  for  every  number  of  the  earth's  compteto  ro-  I 
baliolts  iu  a  year,  tim  »tar  will  make  one  transit  more,  which  is  H 
^uat  tlie  itroportional  value  of  its  tliorlcumiii^  with  respect  to  H 
tk'  rotations.     Let  the  star  now  stand  Mill  at  N,  while  die  c«rtli  H 
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rerolves  froto  we*.t  to  east,  lui-ning  rountl  «n  licr  axw  wwr,  ttuit 
id,  at  llw  fate  of  one  dt-grce  of  her  circiiiwfi'Wnf'p  for  one  degree 
iif  her  «rl>it,  and  j>n;wa'ly  the  snnic  rc-sultsi  will  follow,  witlioul 
lite  6lif;liii-st,  (lilfiT<riicc  in  llw  |ihiji>i>incii.r  As  hpfore,  the  fitar 
will  fall  »ii  fitr  .'^hort  an  to  iiiiik*;  tuo  tran^ta  during  the  revoin- 
tioii ;  ur  (>*■■  Imnoit  more  than  any  numbiT  of  cimi|ilc[oTotations 
tlic  earth  may  make.  And  by  tlivir  own  u(liiii»«iuii  of  preciscl3r 
mmtlur  rewills  in  the  two  cniics,  niitrononiiTH  an-  pro^ltiUfcl  from 
objecting  lo  tliis  i-oncUision  of  tlic  nrgiiiiK'nt,  which  etirircly  con- 
futes tlirir  (locrtriiic  of  the  indoreal  d^y's  being  the  true  meAsure 
of  the  ojirth's  complete  rotation. 

It  is  true,  indeed,  that  the  otilcrmott  point  of  tho  earth's 
circunifen'itcc  describes  a  much  largir  orbit  tbmt  the  lune^ 
tui»t  point,  uud  from  this  lact  Rslriinonierx  infer  thni  llio  point 
a,  aftt-T  TviiWy  <^npU>liiig  one  rotation,  will  take  four  ntimitn 
im>r«  to  make  up  the  difference.  But,  it  has  been  abowii  al- 
ready, ihat  tbiii  diSorence  in  the  dimensions  of  the  orbits  has 
no  eifect  whatever  upon  the  rotation  of  tbo  moving  body ;  nnd 
that  it  only  ciiii^ea  the  axiit  to  move  forward  more  rapidly,  and 
change  it;-  uliice  in  relation  to  other  boilii-s,  while,  with  reaped 
to  itEclf.  nil  the  piirt.t  of  tlie  bod/^  internal  maaa  nn4l  externnl 
cin'tniifcrenco  remain  in  precisely  the  same  relative  poKitiong, 
whether  tiicy  rotate  or  not.  That  ih  to  sajr,  if  t)ie  body  do  nol 
rotate,  ihat  i-elati«n  of  tho  parts  to  the  asU  remaina  abiiohitely 
invariable,  however  much  the  axis  ititelf  may  change  its  place  in 
the  orbit,  and  its  relnlion  to  other  bodies;  if,  on  the  contrary, 
the  body  rotate,  the  i'<ilatiuj^  parts  elianjw  their  ])lar,e8  just  nre- 
diiely  t(i  the  *nmv  amount  in  tho  itanin  time,  na  they  wonid,  it  the 
nxid  were  lo  »tan<l  i«till ;  the  whole  etlect  of  tho  more  rapid  tno- 
tion  of  the  outer  circumference  being  not  to  make  the  circuni- 
fercnee  rotate  more  rapidly  round  the  axiis  but  to  make  the  axis 
Itself  move  forwiird  so  nuicli  faster  than  tbo  inuw  point  of  cir- 
cumfL-rciia' OS  virtually  to  describe  a  cirel«  round  that  very  |)oiDt, 
insteiiil  of  that  point  revolving  round  thea.\i.t.  And  this  U  fully 
confinnud  by  w  hat  haa  ju:it  been  Kaid  in  illustration  of  the  coiiTfrse 
oiovementa  of  the  hesvena  and  the  earth. 

The  variation  in  tlic  length  of  tho  solar  day  is  ascribed  to  the 
difference  of  tlio  sun's  velocity  in  different  portsof  his  orbit;  but 
the  only  way  in  which  »ueti  ditTei-cnl  itegn-es  of  velocity  could 
affect  tho  lenglb  of  the  day,  wtuild  be  by  making  him,  ur  more 
correctly,  the  earth  turn  more  rapi<Uy,  or  more  slowly,  as  the 
ease  may  be.  round  on  her  axis ;  and  thereby  to  make  her  rota- 
tions not  uniform,  or  of  precisely  the  sume  length.  In  0])])u- 
Rtion,  bowcrer,  to  this  legitimate  inference  from  the  alleged 
^nitne,  ostronuinm  luty  that  tliu  earth'a  rotation  vt  [ircciscly  uni> 
Yonn,  and  i*  tneaxured  by  the  sideivjil  day,  which,  say*  Mr  Bar- 
low, "is  the  most  uniform  of  all  a^lronomical  periods,  iirilher 
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I  twr  tbeonr  iMviog  yet  i)etpcu>>l  tn  it  tlic  lefut  varia-  j 

"  uniform''  h  meant  tiiat  the  succi'wlTe  transits  of  the  ^| 

tver  the  same  mendtau  of  the  earth's  tnirfwe  hiipiKil  ^1 


rvatjou  nor  tbeor; 
tiun."     By 

tune  Mbir  over  the  same  mendtau  of  the  earth's  tnirfwe  hiip]n: 
ofUralways  precisely  equal  iutcrralsof  time;  but  it  muet  hi:  oh 
Tious  from  tl)c  nli^litest  ooneiik' ration,  that  if  the  solar  ilaya  are 
■Mrt  unifwni,  iivithcr  con  the^^itliruil  lUyif  be  so;  for  tlio  meridiant 
over  wlilch  tho  sun's  and  thn  fUt\  traiiaits  arc  mn<\v  oru  the 
•QitK,  iir  at  least  correenooding  meridiana  of  the  Mine  siirfaa)  of 
the  .lamo  revolving  body,  and  consequently  liable  to  the  mni« 
variations  and  disturbiinecs  in  all  respects.  If,  tbercfort-,  the 
**  unifunnit/*  of  tlic  sidereal  day  l>c  an  obscrtecl  and  ]>R-Jtively 
■tocrtaim-d  fiict,  totDw  olU^r  chum  of  (be  rariutions  of  the  aolar 
tiitin  tboM  a^gnfd  by  astroooniera  muct  be  i-otiglit  for; 
k1  that  cauiie  ia  most  readily  to  be  found  in  the  rllipticittt  of  the 
lis  orbit,  and  the  sun's  eccentric  place  within  it.  'i"hc  direct 
rceult  of  tbew  circumstances  \*  that  the  earth's  radiu»-vector  nl* 
:  cuiistantly  aubtiMids  a  cunlinnally  varying  ani-le  to  Ihf  orbit. 
aetim<'S  approaching  it  <m  one  side  ana  somctiinee  receding, 
the  earth  revolves  from  ber  aphelion  pniot,  the  nidius-veotor 
diverges  from  tlie  perpendicular,  and  gradually  approaches  the 
weat  side  of  the  orbit,  forming  an  acute  angle  nith  its  vertex  to 
J  Uie  north,  and  consenucntly  DMcting  the  earth's  mendiuns  prw- 
Drtionally  woncr  every  day.  Soon,  however,  it  begins  to  re* 
mIc.  and  open  out  frguj  the  orbit,  and  consequently  to  make  the 
earlh'a  meridians  take  a  proportionally  longer  lime  to  reach  it  in 
rotation.  The  same  prooces  ia  repwied  four  liinre,  in  con- 
order  however,  during  the  whole  orbital  revolution,  and 
■ofBciently  well  accounu  for  the  difference  in  reB))ect  of  "  uni- 
ronaity"  between  the  &idere«l  and  the  solar  daj-s ;  for  the  sUrs 
outeidv,  in  rcspcet  of  relative  [lostion,  arc  <initc  unalfected  by 
the  variations  of  the  raditio-vector.  Having  no  means  of  making 
curate  observations  for  myself,  I  can  only-  reiison  on  the  data 
'  HippUtid  by  others.  Taking,  therefore,  the  common  tables  Ibr 
the  equation  of  time,  1  lintl  them  to  agree  remarkably  well  with 
the  rauM  which  1  have  now  nupjio^ed.  From  this  it  will  follow 
that  mean  and  ap^iaroiit  .luhu'  time  wilt  coincide  or  equally  sliow 
true  time,  only  at  those  j)oints  where  the  radiiw-vector  is  perpen- 
dicular to  the  orbit.  In  a  perfect  orbit  or  circle,  the  muhts- 
veCtor  would  be  invari«bly  pcrpcndiculsr  to  tlie  ortiit,  nm)  con- 
sequently would  always  be  the  true  index  aitd  measure  of  the 
pUnei's  rotations,  wlule  ilio  t^tar  uut^iile  would  fall  sliorl  of  tluit 
true  meacure  by  more  tbiio  three  minut«g  every  day. 

In  a  i>upuUr  treatise  on  science  I  And  it  stated  that  "  any 

meridian  on  the  earth  will  revolve  from  a  fixed  star  to  that  slar 

,  Again  in  exactly  the  sumc  time  as  if  the  earth  liad  only  n  diurnal 

■-notion,  anil  remuiiwd  always  in  the  same  part  of"it«  orKt" 


4 


I 


4 


UudoubUilIjr  this  wrould  be  true,  if  tlic  eartli  were  really  to  n- 
Rwin  "  ulwaj^*  in  tlw  same  i>art  of  iti  orbit  ;*  but  the  case  is 
completely  altered  when  site  moree  in  the  same  direction  sn  sIm 
rotates  to  3  constantly  increasing  angalar  distance  away  from 
Uh  eUr,  for  tlmn  titu  sUir  will  bo  ecl-h,  or  will  make  its  transit   ■ 
proporlioii«Uy  sfjoiRT  every  il<iy,  nut],  con^ticntly,  when  the 
robitioii  iit  so  far  inoomplete.     "  Knt,"  our  aiitltor  continues,   I 
"  with  reauect  to  tlie  sun,  as  the  earth  advances  almost »  degree 
«B!itward  in  its  orbit  in  the  same  time  that  it  turns  eastward 
round  its  axis,  it  must  take  more  than  a  complete  rotation  before 
it  can  Come  into  the  Httiie  jioiiitioti  with  the  sun  tlint  it  had  the 
day  before."    This  would  be  ))«rreclly  true  if  thr.  tun  mooed 
ateay  from  Ills  fitace  t<o  much  proportionally  every  day  08  to  re- 
quire an  additional  turning  of  the  earth  to  overtake  him ;  l>iit 
lAe  *«n  H'intU  potitiveiy  itill,  and  the  earth's  roertdianB  meet  Itira 
precisely  in  the  same  p/ave  pvury  cUy,  though  not  always  at  pre- 
cisely luu  siune  time ;  for  liis  relation  to  the  earth  is  invariably 
the  Hanie,  excepting  to  the  i^ninll  vxtutit  oerasionud  by  his  ecccn- 
t/icity  and  the  ellipticih'  of  the  earth'H  orbit,  with  wltidi  ])oints, 
however,  we  have  nothing  to  do  at  pre§ent,  and  it  will  answer 
our  purpote  equally  well  on  both  ^Jcs  of  the  <|ue«tion,  to  con- 
sider tlic  t-arths  orliit  as  a  perfect  circle  with  the  »un  in  tite 
centre.     Tlijit  relation  of  the  sun  to  the  earth's  axis  and  to  the 
radius- vector  thiit  connects  Ihein,  is  entirely  unaffected  by  the 
eatth'ii  movement  in  her  orbit,  and,  were  the  Ciuth's  orbit  a  per- 
fect circle,  the  sun  and  the  raditi.*- vector  would  be  the  true  uiea-  . 
surea  of  the  complete  rolation  in  respect  of  lime  as  well  as  of 
rpacA     Hut  all  tliis  I  have  ^liown  fully  already.     Would  the 
wiieel  of  &  cart,  which  is  always  nioviiig  forward,  be  considered 
to  have  ma<le  a  complete  rotation,  if  tht>  spoke  that  was  perpen- 
dicular to  the  ground  at  one  turn,  should  fall  rhort  uf  that  per- 
pendicularity at  a  |)oint  in  advance  of  the  former  point  of  the 
ground  bv  the  csiitt  measure  of  the  wheera  eircumfercoco  ?  Say 
Uic  wheel's  cireiiiiiference  measures  I J  feet,  and  it  were  to  roll 
along  u  road  divided  exactly  into  marked  spaces  of  IS  feet  each, 
would  it  not  at  eacii  mark  pre^nt  constantly  the  .laine  spoke  or 
point  of  its  circumference  peqiendicolarly  to  the  ground  ?  Why 
then  should  not  the  earth  do  the  same,  when  the  murks  of  her 
travelling  path  ore  as  exactly  measured,  and  as  distinctly  marked 
by  the  sun,  as  nuy  points  oil  any  road  can  l>e?    The  earth'aJ 
orbit,  coiisidoied  as  a  perfect  circle,  is  divided  into  ZGO  pcrlbctly  \ 
equal  degrees,  with  which  the  sun  is  connected  by  an  ei|ual 
Dumber  of  radii  at  the  same  precisely  equal  distances ;  bis  tran- 
ats,  tberefiHTC,  must  be  the  ^xet,  the  surest,  and,  indeed,  tlto  in- 
diqKDsable  signs  of  the  complete  rotation  of  a  round  body  moving 
along  the  circle's  circumference.     Moreover,  the  extension  of 
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360  radii  beyond  the  wth'a  nrbil  1o  tkc  otuicavo  a>- 
iestiBl  itphero, "  tlw  firmatnent  of  beaveD,"  miuld  divide  tbe  vbola 
TMble  enirerse  inru  360  nnjiarently  Ft]uiil  parti :  mivl  <ircrc  aaj 
^lobo  or  mus  of  nuitter  wfmtevep  U»  revoke  iu  any  oac  of  the 
iii6nitc  mnllitmh'  of  oi-liit»  tlitit  nti^rt  be  drawn  roniid  the  inid 
in  the  <riiiri'.  aud  ti>  rolatu  t>n  it»«  Nxis  o6*.i  limes  diu-ing  each 
0(nn|dete  orbital  rn'oliiiion,  ihcrii  most  aasircdly  each  of  it»<  ru- 
terioDS  inwid  be  complete  only  irben  tliG  «anic  point*  of  ita  cir- 
Ottitifenmoe,  180°  dieUiit  from  oach  other,  or  dtainetnoally  up< 
pmite,  n»pectivi;ly  rrlunwd  to  their  places  on  each  of  tlii?  pnx 
traded  radii,  wiib  tlicir  o«mii>ctiiig  diaioeter  in  one  with  llie 
radius  lior  the  ;iine:  tlic  same  f>«)int  fiicinf;  tiic  euti  altrays  at  the 
end  of  each  n^tAiimi,  and  the  same  u[ipo«itc  |)oini  alwn\'»  laciog 
tbe  corrr^poiiditig  |K>iiit  marked  «n  liio  fnt'e  of  iiuivcii  It  the 
prolrnctyd  nidiiiti.  On  tbe  contrary,  every  sUir  on  iImj  n-)i[iiic 
woQld  bt;  jtns^ed  in  its  turn,  sitd,  iu  coiisequenoe  of  the  an^iiUr 
distnnr«  oontinually  gained  by  the  revolving  body,  n-ould  ftdl 
ItropoctMnally  short  of  the  tru«  misisitm  of  tbe  body's  rotatkn, 
mahiny:  3G1  tran*ils  when  dwre  were  only  .lijil  rnt^itiiirig. 

What  scera*  to  fate  confounded  the  iiiiiw  of  iJiy  writer  from 
whnw  liook  I  am  qnoting,  ond  of  oil  other  aftti-oiionier*,  i»  liuit 
the  stin  tiinw  roimd  on  his  own  nxis  in  25  days  10  hours,  hut 
it  requirw<  27  days  «id  optrard*  to  briiii;  bitcl:  the  same  p<»nt 
of  his  cirenmfereiice  to  the  earth'fl  radiiB-vtxtor ;  bectinse,  wliile 
he  is  turning  round  from  east  to  west,  the  earth  \*  ndvanciog  n 
her  orbit  u*  the  name  rlirrction,  and,  ronse«j«enlIy,  i<i  alwavg  lin'm- 
ing  upon  the  sun,  who  retnuins  in  bis  place,  aod  ia  obligwi  ui 
take  moro  than  a  eomiiU^i-  turn  bctbre  the  same  point  of  hit 
circiimference  ean  overtake  the  advancing  eiirth's  nidiits- vector. 
But  this  bas  nothing  whatever  to  do  with  the  eerth'*  rotation,  it 
beine  a  matter  of  jierfect  inibfferencc  whiil  part  of  the  sun's  ctr^ 
cumrerencc  may  present  itself  to  the  earth's  niei'idian.  Wbclher 
bc  rotate  or  not,  the  result,  so  far  as  the  earth  and  her  uoona 
are  concerned,  will  be  tlie  same ;  for  it  is  tbe  radius-vector  di- 
rected to  the  sun's  centre,  and  not  a  particular  point  of  bie  cit^ 
eumfcreiicc,  tliiit  ninrks  the  moment  of  trjinsit.  lint,  owing  IP 
the  movement  of  the  two  bodies  (sun  and  earth)  in  tbe  suiK 
direction,  the  earth  will  see  tbe  sun's  whole  circnmference  «ne 
time  les!)  than  tbe  number  of  complete  rotations  which  be  maJreB 
in  a  year,  his  rotations  nx  a  Jij-nl  bodij  being  measured  and  ii»- 
dicated,  not  by  the  flitting  eartii's  radius- rector,  but  by  his  pn> 
senting  the  siime  point  of  his  ri rcinnfiTt-iiee  agiun  to  tlx;  nmn 
ec|Uflllyy/rr<i  point  <if  the  Iieavens;  tliai  b  to  Niy,  ita  every  four- 
teen complete  roljitions  on  his  axis,  the  snn  maken  only  thirteen 
latB  of  the  earth's  meridians,  not  through  any  feult  of  kis 
I,  but  owing  entirely  to  the  nirth's  tnovtng  away  frcnn  llir 


index  of  \xm  rotations.   TIw  ma  and  tlkr  xttu-e  iwe  alike  {icrftictlj- 
Cxed  «t><l  immovalilc  in  their  rvlaliotwi  uiid  these  their  mutual 
reluiwu  an  never  in  the  sliKlitfiSt  dwree  aflectod  hj  tbo  oardil^ 
oioTenieDtB.    Tbv  changes  of  place  which  Ibej,  antl  pariicularlT 
the  flUH,  serm  to  uitdof^  KTe  a/ii-arent  only,  and  tivl  rral,  and 
are  tlic  rv«ult  toL<:lnnv(;ly  of  the  eArtli'gowi)  miiliiiiiitl  t^lkange 
of  f\act:,  and  tli«n.-f»rv  tlw  indicutor  of  llie  sun'si  rotations  miut 
be  a  point  of  the  beav«ii(  us  inranabli',  or  as  litilc  variahlo  in 
poeition  as  tio  is  liiniielf,  |>n)viili-d  alwaj^  he  turn  round  on  his 
axis  witli  a  uniform  velocity,  wliich  there  seems  to  he  i>o  rcASon 
to  doiibl.     Ikit  if  the  san  and  the  cartii  ircrc  lu  chniigc  |>lacee 
and  conditions,  the  v»nh  becuniing  tlie  fixed  ventre  of  the  orbt^ 
uud  (Ite  sun  revolring  ahout  her  oe  a  planet  or  MtelUte,  the  cwtc 
would  be  entirely  dilffrvnt,  for  llieii  tlit^  tixed  and  inrnriable 
,  Hxie  of  the  earth  and  iliu  mn*  c(iu.-t]l}'  invariable-  radJus-vevtor 
would  liocome  the  true  nifjiMirc  and  indication  of  the  «un'»  rota- 
tiuiu,  while,  on  tlie  contrary,  the  Rtar  or  other  tixed  jioint  of  the 
beaven-s  by  winch  they  were  previously  moa!>un:d  and  indicated, 
would  fall  continually  «liorl  of  the  true  niciii^urc  in  projiurlion  lo 
the  angular  distaoa*  lo  which  the  i-un  would  be  continually  mov- 
ing away  from  it ;  and  whnt  wtiuhl  happen  willi  the  sun  in  ntch 
'  a  ca«c  doo)  must  certainty  liup|)cn  in  the  case  of  invry  planet, 
wtellite,  or  other  body  whatsoever  moving  in  an  orbit;  namely, 
that  when  the  orbit  is  a  perfect  oircle,  the  radius-vector  connort- 
ing  tiw  Iwdys  axis  with  ttie  centre  of  the  circle  will  invariably 
subtend  or  form  a  richt  angle  with  the  orbit,  niid  tiie  uentre 
itself  will  remain  invariably  in  the  snmc  place,  and  this  invariable- 
nest-  of  the  centre  and  the  ra<liuc  must  moKl  entirely  prochule 
the  pUB^bility  of  rotation  on  the  part  of  a  circumference  wliicb 
kec[w  the  suiic  point  mntiniially  in  one  with  tbcin.     To  my 
own  judgment  this  is  so  perfectly  evident,  tluit  I  can  never  cease 
to  wonder  how  any  body  could  ever  have  doubted  it,  or  gone  so 
for  wrong  as  to  nmintaiu  the  contrary  received  opinion. 

An  error  of  the  like  kind  prevails  respecting  the  true  meaaare 
'.  indication  of  the  moons  revolutions  round  the  earth,  as  I 
.  it  stated  io  tlie  following  extract : — "  The  moon  pafamu 
ms^ution  round  the  earth  in  27  days,  7  hours,  43  minutes, 
seconds,  usunlly  called  a  peritxlicai  mmtfi.     It  is  to  be  ob> 
ved,  however,  tliat  the  mooD  employs  more  tliati  tliis  time  to 
turn  to  tlie  sum  after  each  conjunction.    The  cause  of  tbie  diU 
nee  'n,  that  the  earth,  and  consequently  its  satellite  the  moon, 
Ikdvances  in  the  eclipse,  while  the  moon  is  describing  her  orbit ; 
I  that  before  the  moon  comet  into  the  same  position  rchitively 
the  sun,  i  days  and  about  S  hours  elapse  bcj-ond  tlic  dmo 
quired  for  cooij^eting  a  revolution  round  the  earth.     The 
Je  tiiDc  occupied  in  returning  to  tlie  nan  is  29  days,  1 2  hours, 
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44  tninutea,  'M  accoaiis.   'lliis  interval  of  tiow  is  called  a  e^Dodfl 
I  nl  iDDDth,  or  lunar  monlb.     It  commeDoeB  from  the  looiucDt 
when  tile  moon  u  Uiri'ctlj'  beCweeo  the  eun  unil  the  eartti,  in 
which  positioD  the  moon  in  said  to  be  iu  conjundianJ' 

MixT  whAt  I  ha?e  sud  alix'^dj,  tlii«  paiwtgo  vrtU  require  little 
oommtrnL     It  i»  poeit(Te1y  untrue,  in  so  far  aa  it  asaerts  or  im- 
plies tbnt  llie  eurtli's  advaiKN*  in  the  ecliptic  occaeiona  auch  a 
cluingc  in  lier  relation  to  tliii  sun,  aa  to  require  an  addition  of 
nvarlf  two  days  and  a  lialf  to  bring  tbo  moon  round  to  tiie 
■on,  af^r  sbe  bos  cmnpbrted  Iht  revolution  routid  the  Mrtli. 
\  The  enrtli's  roliition  to  tbc  sun  i«  inmriaiilr,  (oxc^pt,  aa  alreod)' 
BO  often  ineoboned,  to  the  «dui11  est«nt  occaaioned  by  the  4-llIr>- 
ticity  of  her  orbit).     Sbe  finds  him  ni  the  tame  plaet  positively 
c^-e^y  day  and  every  montli,  while,  m  tbe  contrary,  it  ia  the  star, 
tu  wiiicli  our  auliwr  otust  erroneously  ascribes  this  iiivariaUu- 
^  nta,  tliat  nxpciicitCk's  the  change  of  rvlntivc  iK^iitioii  uccaaioncd 
by  the  earth'a  progreasive  inoi'emeDt  i»  the  ecliptic.     It  seetna  to 
me  the  pUineet  dictate  of  oommon  sense,  a:<  well  as  of  right  iva- 
L  soo,  that  if  I  were  to  placa  a  doKen  of  posts  round  a  circle  ou 
I  the  ground,  to  n-present  the  stars,  and  one  in  lliv  centre  tu  re- 
I  preauot  tl>c  sun,  and  tlien  to  walk  reuud  the  circle  wMin  thv 
f  line  of  post*,  I  elioiild  ]wm  every  one  of  them  in  sucee^oti,  aikI 
change  my  angular  position  with  respect  to  each  of  tbem  at  e^-ery 
stef>  of  my  progress  while,  witli  respect  to  the  solar  past  in  the 
centre,  the  relation  of  tJie  perpendicular  axis  of  my  own  body  to 
'  that  puet  would  be  invariable,  always  at  precisely  llw  same  dk- 
l  tanoe,  and  with  nrcciaely  the  same  right  angle  subtended  on  eadi 
side  by  my  radiu»-vectar  with  my  orbit:  and  ttiat,  in  ooitw* 
quenee,  if  I  were,  at  each  of  tbc  twelve  posts,  to  turn  micie  round 
on  my  own  axb,  commendng  with  the  solar  post  and  the  radiiis- 
vector  in  line  with  my  nose,  my  rotation  surely  would  not  bo  com- 
plete till  I  found  myself  return  to  the  anme  position,  with  my 
iaco  direct  to  the  ann  :  while,  on  the  contrary,  tlic  port  which  1 
bad  lact  left  behind,  and  tbc  corresponding  poet  180°  di^int, 
woald  be  iwcii  to  have  changed  their  placet  to  an  angular  ex- 
tent corresponding  to  Ibcir  ])0«itio[i:>  in  the  circle,  and  pass  my 
bDoee  and  back  proportionally  sooner  than  the  completion  of  my 
rotation.    And  if,  instead  of  making  tiip  rotation  all  at  once  at 
each  post,  I  were  to  turn  myself  in  the  same  direction  gradually 
aud  proportionally,  degree  for  ilegrco,  during  my  progress  from 
one  post  to  unotlicT,  the  result  would  mo«t riTtai'nly  be  prtrcisely 
I  tlies-iine.    Is  it  notthcr>-fore  more  nsuwiwihle  to  consider  the  inra- 
'  riable  rightanglt.!$ofilieradiiia-vcctor,r:illier  than tlw continually 
changing  angles  Ktibtended  by  the  stars,  as  the  true  indications  of 
the  completion  of  the  planet's  or  satellite's  rotation  ?    Now  look 
tothediagram,  Gg.  6,  which  will  answer  equally  well  to  illustrate  | 
Ibesubject of  tiic earth's rotfttiousftadthcmoonsrerolulioQSi  the  ' 


i 


49 


line  of  Stan  rcpreEenting  tlie  ecliptic  or  0(>ii«av«  circit!  of  tbe  bra- 
vcns:  tliccimtiniintifiring,  tlic  orbit  of  the  cArih;  and  thubndyin 
ihc  wiitrc,  tlw  sun  or  otiwr  priiii«ry,  an  llws  <^ii*c  mny  be,  Wlieo 
the  plantrt  or  ^tellite  is  in  iU  place  on  tlifl  orbit  at  N,  it  is  tbon 
iQ  lino  Willi  botti  tlic  star  N  and  the  eun,  and  "ore  It  to  turn 
rouiul  on  ila  "xis  ui  tli.ii  ]joJiil,  both  i\n:  sun  and  ibf  star  would 
e<(tuilly  indicate  tbe  coinpletton  of  tbb  rotation,  because  they  are 
both,  ae  well  as  tlic  strai^lil  line  tbat  connects  tbein,  at  right 
angles  witli  or  pL-rpondicmur  to  the  orbit.  At  tho  t&mv  tini«, 
the  straight  line,  fortning  in  part  the  |)lnnet'i<  null  us- vector,  ooo* 
tinned  across  the  orbit,  points  directly  to  tbe  star  S,  at  the  an- 
gular dii^taiicc  of  ISO"  from  tbe  star  N,  Then  move  titc  (lUnct 
to  the  octant  point  NW.  Tliu  ili»ni>.rtrlc  Hoc  of  tltc  orbit  run- 
ning chrotigh  the  planet's  axis  and  the  sun  will  then  point  to 
two  ditfurcut  stars,  flticli  at  tbe  angular  distance  of  40°  from  the 
opposite  enilH  of  the  line  NS  ;  but  the  sun  will  rmat^njtat  whm 
he  iron,  in  precutig  the  same  pina^  in  the  centre  i)f  the  orbit,  at 
tbe  snme  direct  distance,  and  still  subtending  with  his  radius  a 
perfect  rii^lit  atif^lc  at  the  planet's  axis  on  tbe  orbit  The  same 
prnci.-»«  r«pwitfd  at  cacli  oirtniit  or  at  eadi  dcgrcM;  of  tl»e  circle 
will  shew  preeiwly  the  aiimt;  resulti.  At  the  180  degree  ofre- 
VolutioDt  the  planet  will  be  in  preciioly  the  same  relation  to  the 
Ktar  S  that  it  formerly  was  in  ti>  tbe  litar  N ;  which  of  tlwtn  is  to 
in«asure  the  rotation  now '!  They  both  alike  tnvasuri;  it  exactly, 
because  they  are  once  more  in  u  rectangular  position  with  re* 
Gfwct  to  the  axis  on  the  orbit;  and  t^ynvs^  thev  have  fallen  short 
of  the  true  measure  of  rotation  to  the  extent  oi  180°,  or  bait' tbe 
planet'i>  c-irt!uinf(rri.>jicc  each ;  w  that,  with  rc»pcet  to  tbe  planet, 
tfaey  have  viriunlly  come  into  each  other's  places.  Precisely  the 
same  resulu  would  follow  were  the  planet  to  stand  still  at  N, 
whili;  tile  circle  of  the  stars  revolvod.iT  tliat  were  po«^ble,  round 
(Im!  iicnlre  of  their  circle,  and  tlien  lliey  would  *liew  nar|ucstion- 
■ibly  thftt  it  is  odIj'  where  tlie  planet's  protracted  radius-vector 
touches  the  circle  of  the  beavcns  that  tlie  star  which  may  be  for 
tlie  time  at  or  oppi^itc  to  tliat  ■.•xtn^nity  of  the  radius,  can  tndi* 
rate  the  completion  of  tbe  planet's  rotulion.  If,  while  the  pla- 
net stands  at  N,  and  rotates  without  revolving,  will  tlie  Mtar 
NE  be  thf  true  measure  of  rotation  ?  No,  certainly.  Then 
just  n*  little  i-^i  thi>  star  N  be  the  true;  measure  ot  rotation 
when  the  planet  revolves  to  NW.  Let  the  small  circle  which 
has  hitherto  been  considered  as  representing  the  earth's  circum* 
ferenuc  now  be  considered  to  rci)rcsL'iit  tbe  moon's  orbit,  with 
the  earth  In  il»  centre,  and  every  thing  that  has  been  SNtil  will 
appiv  to  tbe  moon's  case,  as  exactly  as  if  she  were  really,  wlwt 
slw  lit  virtually,  a  point  of  the  ciirtii's  circumference  Sbe  doe« 
not  lag  behind  the  earth  as  the  latter  progresses :  she  w  some* 
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dmea  oa  Tnr  bcror«  the  earUi  as  botiiod,  her  distunoc  bdog  ni 
verr  variakk-,  und  rttiucquCDtly  Iwr  ruvolullom  must  oeoesEaiil 
have  tbe  «anie  mewure  of  xKNuplcleneaa  a»  tbe  earth'^  rotatiw: 
Wby,  tbcn,  sfaould  we  resist  tbe  ooncttiaoD  to  nliicli  all  ttu&  I 
DUBcJyt  lliut  Ibc  rn^^-'Wcd  opinion  of  sstrouoniiire  on  Uw  iiubjcct 
of  the  rotalioii  of  tiif  pluiiutK  iniii  tlieir  ^teUitca  is  erroncoua? 
The  only  plsuabl(^  aniiMer  I  can  anlicipato  is,  tbat  GaliJeo,  and 
Ncwlon,  und  La  I'liice,  hare  sanctioned  that  opinion,  Jind  tbeir 
authoritv  u  better  than  mine.  But  is  it  better  tVin  right  niaem 
uui  common  neiUfKi  tugetlicr  ? 

Id  the  treatise  on  "  ABtronomy"  publisht-d  id  "  ?V«  Library 
of  Vffftd  KwtaUdgf"  1  read,  *■  \V«  (ind  not  only  Ibal  iho  d 
ration  of  u  sidereul  ijiiy  is  cunntunt,  but  that  during  etery 
of  it  the  rotation  goeii  ou  uniformly ;  or,  in  other  words,  that 
heavens  revoliit  round  their  axii  coKtinnally  with  an  Ufiijvrm 
Lmly. — The  intenul  between  the  sunoettsivc  appeflnuiL-es  of 
sun  upon  the  meridian,  or  from  noon  to  noon>  U  necessvil 
longer  than  that  between  those  of  a  »taj- ;  for  as  tbe  motion 
ibe  heuvena  is  from  cost  to  wejit,  and  tlie  proper  motion  of  ^c 
ran  from  went  to  entst,  tbu  sini  on  ea^li  Biiccei>«ive  <biy,  wlien  (he 
point  of  tbe  beavenswhere  be  was  at  noon  on  the  day  before  returns 
to  the  meridian  is  to  the  eastward  of  tliiit  point,  and  conscqucn: 
to  the  eaatwarii  of  the  nx-riiliiin ;  and  he,  therefoK),  only  rotu. 
to  the  meridian  after  the  rotaljon  of  tbe  heavens  has  eontin 
for  Eonic  uddilional  period,  long  enongti  to  bring  his  new  pi. 
to  itie  meridian,  &c.  Tbe  solar  day  iit  longCT  tiiuD  the  stdci 
day  in  consequence  of  the  motion  of  the  sun  eastward  in  hia 
bit,  &c."  1  nave  quoled  these  passages,  not  for  tbe  purpa.=« 
making  any  direct  eoinment  upon  the  "scientiftc  trutlis"  nhi 
they  embody ;  for  such  u  comment  a»  thev  reouii-e  lias  l>eeQ  aU 
ready  anticipated,  or  will  be  still  introiluccd  elsewhere.  But 
how  could  an  author  wbo  seriously  believes  in  tbe  truth  of  tJie  Co- 
peroicnn  system  of  tbe  universe  delibttrately  afHi-m,  (o  ueu 
own  italics,  "  titat  the  /uauens  remlvc  round  Oieir  axii  cojititt 
tcitii  an  uniform  vdociti/ ;"  or  that  "the  sun  moves  eaetward  m 
an  orbit?"  Such  a  way  of  speal'ing  must  iiti;titjihiy  pu/zlc  and 
perplex  the  readt^rs  of  his  book,  as  much  as  it  seems  to  late 
pu/^led  aud  perplexed  himself;  for  bis  ideas  on  the  subject  of 
the  sun's  and  the  earth's  muvemetil^  must,  have  been  utterly  oun- 
founded  when  he  affirmed  ta  be  positively  true  in  faet,  what 
could  only  be  true  if  the  earth  were  really  to  be  placed  in  live 
Centre  of  the  orbit,  aud  the  sun  were  to  be  «  planet  revolving 
round  about  ber,  namely,  that  the  star  ont^de,  and  n«i  iJie  sun 
inside,  U  the  true  indicator  of  the  earth's  rotations,  and  of 
moon's  revolutions.  But,  when  the  case  is  revetted ;  when 
sun  takes  his  proper  placci  as  the  fixed  centre  of  the  orbit,  and 
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th«  earth  bcoomes  the  planet  in  hia  atenA,  all  tbat  wu  truf  be- 
fore, inrtxpect  of  hUrotstion and  revolution.  becooioi/a/M  tww; 
and  il  t»  from  overlooking  tlic-  a>ii»c<|ncncica  of  lhi§  change  of  cir> 
cuniKtaDocs,  iJmt  tho  frmi'  I  am  comliiiliiig  R-cniis  to  havo  origi- 
nated ;  and  to  lliis  oonfounding  of  ideas,  tbb  ininliiking  uf  tilings 
different  for  predwly  the  same,  the  long  caiitinued  prevalence 
of  CO  rery  paJpoblc  a  set  of  errora  U  to  be  nacribod. 

Having,  therefore,  now  finished  lov  own  case,  and  brcKtglit 
fonrard  :<ik1i  arguuK-iit^  proo^  and  iflustrations,  as  seem  atiBl- 
cient.  in  my  jiKl{,'tiii.-ni  ut  eettablish  the  trut/i,  or  what  I  believe  to 
be  the  trulli,  1  sliall  now  proceed  to  examine  satth  of  tli«  Jirinn- 
pal  orgumente  and  illustrntiuiis  titiimlly  lirotight  forirard  in  Rtip- 
port  of  the  cowivwl  oiiiiium,  as  I  liavit  not  yet  had  occasion  to 
tMtice.  I  nii^lit,  indeed,  eoon  make  up  a  large  volume  with  the 
materials  that  superabounil  upon  tliis  subject,  but  I  must  be  con- 
lijnt  at  present  with  Mivh  iu<  tu-vm  to  I)C  of  sufficiLiit  importance 
to  deserve  notict!.  With  respect  to  the  prindplei  of  the  whole 
qucHtion,  the  inoarialkin-ss  of  relation  of  a  planet's  or  antelUte'a 
oxii*  and  radius-vector  to  ttiu  primnryV  oeiitre,  <in J  the  ascription 
of  every  cluingo  of  n-larlnns  between  the  moving  body's  circum- 
lerenctt  and  iu  radiua-vector,  exclusively  to  the  rotatory  move- 
ment of  the  revolving  body  itself,  T  have  never  had  the  iimallcet 
doubt  or  wavering  »incc  I  read  and  understood  Galileo's  i!ln»- 
tration  of  the  subject,  which  I  Kliall  now  present  to  mv  reader*. 

In  his  Si/itetn  of  the  H'ortd,  Dialogue  iii.  he  says,  "Naturally, 
toithoHt  any  viovini/  cautf^  a  body  freely  suepcoued  and  carried 
round  the  circumtcrciiceof  acircle.  immedialeli/nfiltflfae^iiirttt 
a  rotation,  that  carries  it  roimd  ita  own  centre  in  a  direction 
contrary  to  Ibe  motion  which  curries  it  round  the  cirele,  and  with 
such  velocity  that  both  of  these  motions  of  revolution  and  rota- 
tiou  arc  completed  in  precisely  the  same  time.  This  may  be  ad- 
mirably illustrated  by  the  following  experiment,  Take'in  your 
hand  a  hasin  of  water;  and  turn  yourw-it'  round  on  your  feet, 
and  you  will  see  the  water  begin  to  turn  tt-ielf  round  in  a  direc- 
tion contrary  to  tbat  of  ibo  basin,  and  finish  its  rotation  at  tllc 
Koiue  time  with  your  and  thi;  lui#in'»  revolution.  Hut,  if  you 
consider  the  matter  attentively,  you  will  ijercwvo  that  the  dfect 
produced  is  nothing  real,  but  oidyaraere  appearance!  that,  what 
seems  to  he  a  rotation  on  its  own  axis,  is  really  no  motion  at  all; 
and  tbat  the  water  remains  immovable  in  rwi^ct  of  every  thing 
etattonan.'  In^yond  the  limits  of  its  orbit ;  presenting  (he  same  sitfe 
or  ht'micjele  continually  to  the  some  side  of  tlie  roam,  or  field, 
wlierc  tlws  experiment  is  made,  or  tothesamupai-t  of  thesky.  If 
on  the  other  iiand,  it  bo  coninared  with  the  ba-tiit  and  yourself, 
who  are  both  moving,  it  will  oc  observed  to  change  its  aircelion, 
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•fhl  to  rotate  with  a  motioo  omitntry  to  tbnt  of  yoursi'lf  and 
basD ;  so  Uiat  it  may  be  taoro  truly  said  that  ihe.  ba»iu  itixl  yoi 
self  fq^rslc  round  t)ic  immuvubli;  w»t4Tt  tban  that  tlie  water 
tatcs  wilhiD  Uks  liiLtin."  So  aaj*  (jilIIIoo  ;  and  truly,  Iwd  all  lii» 
other  exporimenu  bcon  followed  by  euch  inferenoes  a»  i1ii.s 
nnst  bttve  occupiL-d  one  of  tlio  towitit  places  in  the  ranks  {f. 
science,  if  aov  ))h(«  ftt «]),  instead  ofoiieuftiio  hiplicst.  Ilcm 
have  bwn  laiwuring  under  some  atraoge  delunion.  wlit-n  he  pcr-^ 
suodod  liinuclf  to  bclivrv  Uut  ii  body  wluch  vasvUibty  rotating  be- 
fore his  eyea,  and  inking  all  tlie  iK»nls  of  its  circumfcrvuco  in 
nioceesioo  pus  its  radius-vector,  or  ibe  strajght  line  bvtw(«Q  ils 
own  crnlra  and  the  ccntn:  of  its  orbit,  and  continually  changing 
tlHfir  dii»laiicft  from  that  cotilrc,  sill  Ui«  way  round,  was  ncvcrthe- 
lesA  immovably  at  rest.  lie  aeema  indeed  to  have  escajM^i 
the  blunder  of  some  of  his  succcESors,  and  to  have  been  auilc 
well  aware  that  thorc  were  ntdy  hco  fot^WAc  ways  in  whicn  Iw 
could  ice  a  body  all  round,  namely,  by  going  round  it  himself,  or 
having  it  tum«d  round  about  before  hira ;  and  accordingly,  when 
he  infirrcd  from  his  experiment  thitt  the  watw  did  not  rolatt, 
his  only  alternative  was  to  suppoKO  tlmt  he  hiniitelf  and  the  liAdn 
must  have  gone  round  about  the  water.  But  it  seems  not  to  listc 
struck  him  tlmt  this  was  impossible  witJiout  leaving  his  cyntral  , 
poation  and  iTossing  the  orbit  twin),  oiic^e  in  going  to  <hc  out«idfl^ 
and  again  in  returning.  Some  of  tlie  schoolmen  of  old  were  o^V 
opinion  that  angels  could  go  from  one  place  to  another  witlwut 
passing  through  the  intervening  tfpiux',  and  not  witltout  some 
^ew  nf  reason,  for  angels  were  supposed  to  be  purely  spiritual 
iKJngs,  without  relation  to  lime  and  space.  Lues  reason  than 
even  this  had  Galileo  for  his  opinluii,  wiieri  lie  supposed  it  po^ 
siWe  for  a  hiMvy  material  substance  like  his  own  body,  ocoupying 
a  fixtid  paiition  in  space,  to  perform  a  gyration  round  about  ^ 
distant  jwiot  or  body,  not  only  without  going  through  the  intc i; 
vening  fpacv,  and  measuring  out  by  his  movement  ihv  line 

EntioD,  butcvcn  without  ever  stirring  fh>m  the  spot  be  i 
i  whole  proc\^'ss  of  circumgyration  being  just  as  purely  spintut 
and  imaginary  na  the  angcU'  transit,  and  vti-tiially  tlio  sum 
thing  as  a  planet's  performing  an  orbital  revolution  without  goin^ 
round  Jiboiit  the  space  which  its  orbit  incloses,  or  through  ii  singlt 
one  of  the  .300"  of  which  its  orbit  consist*.    Homer,  the  prioixr 
poets,  is  said  "sometimes  to  snore  as  well  as  nod ;"  so  m.iy  it  1 
said  of  tiio  great   "  Tuscan  artist,"  alijHtmdo  ^omu  dorn  '' 
GaliitPtis. 

Galileo  would  have  discovered  his  error  at  once  if,  instead  of 
water,  he  had  put  into   the  basin  a  (juantity  of  meal,  flom-j 
sugar,  cand,  earth,  gravel,  or  any  olhcr  sluggi.<h  malenal,  ar 
made  it  rvroUe,  as  before.     In  this  ca^  the  matter  would  lij 
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etill  ill  tli«  basin,  presenting,  )iko  the  bft^n  it^f,  the  stntc  :»(lo 
iif  iti(  cimiinfleKDoe  continually  to  tho  centre  of  the  orbiL  Why 
does  it  not  rotate  or  setm  to  rutatc  like  the  water?  If,  as  alleged, 
the  walor  docs  not  rotAU),  doc*  tli«  niort;  sluggish  ni«tori(il,  wrttli 
the  bsDia  tliat  ronlAiiiii  tt,  perform  thiil  o])i>rnlion,  by  virliie  of  a 
rotary  power  naturally  inherent  in  them  ?     These  materials  ex- 
hibit tlK;  result  which  nsfronoinurs  n^ribe  to  rotation,  yet  keep 
all  llie  [wrts  of  tlieir  circumferfinco  in  precisely  tlie  same  relation 
to  the  radius-vector,  and  to  the  line  of  revolution  diwcribed  l^ 
the  central  oxiii  of  the  moss ;  while  tlie  non'rotaUng  water  carries 
evtrry  [mrt  of  it>^  uireiiiiiteretic^  in  succc-Baiuo  past  the  rai,liiiit-veo- 
tor,  wtiieli  niiiv  !ji^  lejire-aeuted  by  a  stick  laid  across  the  basin, 
and  tl>c  line  ot  revolution,  and  through  all  the  varioits  degroca 
of  distance  from  the  centre  of  the  orbit,  between  its  inner  and 
outer  edges,  as  determined  by  the  diametric  breadth   of  tJw 
moving  body.  Every  pointof  the  water's  clrcumferenceiaseen  suc- 
d-jwivciy  diverging  froni  tlie  line  of  the  centre's  orbital  revolution, 
and  the  num  of  all  these  suco^ive  divergeneei*  nmoiints  to  a  com- 
plotc  rotation,  or  turning  round  of  the  body  on  its  own  axia  or 
centre     It  io  indceil  imjwBsible  to  account  for  the  diftprent  re- 
«ult»  of  tl>c  experiments  when  perforiiied  witli  water,  from  those 
produced  by  the  uang  of  other  subBtancea,  but  by  adniilting  the 
real  rotation  of  the  water,  whose  licjuidity  enables  ite  iiarticleeto 
nlip  past  each  other  in  obedience  to  the  impulse  of  tne  moving 
power ;  aii<I  deiij  ing  the  rotation  of  the  bnsin  and  its  more  slug- 
mob  contenLi,  whoae  jjarticles  are  kept  in  their  places,  not  by  ;ui  in- 
Iteront  rotatory  power,  but  by  their  toant  ofpoivrr  to  overcome  the 
frielion  tluit  would  instantly  ensue  among  theniselves,  a*  well  as 
between  tboin  and  the  sidea  of  the  bosin,  were  they  lo  attempt  to 
move  round  about  their  centre  like  tlic  water,      llieu-  adhesion, 
cohc«on,  vis  incrti.e,  weight,  or  gravitition,  is  too  great  to  bo 
overcome  by  the  impuUe  of  the  moving  power,  while  the  lighter 
particles  of  the  liouid  and  unrenisting  water  lly  fiirwurils  at  onci; 
I     andcontinuallytill  they  get,  all  in  tiioir  turn,  ruunil  about  the  axis. 
H      The  exjieriment  may  bi»  varied  by  ))lacing  a  atrntum  of  gravel 
Hun. the  basin,  and  pouring  the  water  above  it.     Then  make  tlw 
^HUo  revolve,  and  the  liquid  water  will  be  insen  as  usual,  mov  ing 
^^my  round,  while  the  suiggi»h  grave!  lie*  still.     Which  of  llw 
two,  the  movable  water  or  the  immovable  gravel,  is  the  more 
likely  to  rotate?   The  water  unquestionably.  Astronomers,  how- 
ever, think  differently,  and  say,  or  at  least  to  be  consistent  otight 
to  say,  that  it  is  the  gravel,  which  rotates  on  its  own  axis,  :ind 
thereby  "  brings  the  same  pMnt  of  its  circumference  continually 
itfcA  to  tlic  radius,"  while  tlie  water  kei  pB  all  ila  partiele«  parai- 
U4  lo  ihein^elves.     But  the  gravel  certainly  does  not  pogsau  any 
inherent  power  of  rotating  in  that  direction,  while  tltc  water 
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pcneiwt  not  onty  Ihc  )>uwcr,  but  abo,  nhat  tlie  moon  laa 
not,  the /nWoffl  b>  rotAte  id  th«  «ti]>nttitA  ^in^ction ;  nnil  u^iig  io 
fireedoiDi  avr«y  it  flies  round  and  round  about  continually,  the 
pnrUdc*  of  its  circainfvruncc,  nod  gcDcrally  of  its  wltolc  maw. 
changiDC  thdr  pluoe-reU^on  to  tlte  axis  and  to  tlic  radiiis<TM(ar, 
and  to  titc  orbit  and  ita  centre,  at  ev«n-  ioitlant  of  progreKooo. 
Even  when  water  is  used  by  itaelf  in  tnc  esjicrinient,  a  portiun 
of  its  partivlus  odliuree  to  tlie  tides  of  tbc  busin,  and  rcnuiinx  i»f 
bind,  iTbil«  tbe  rtsl  of  tbe  nuaa  moves  round  atmuL  Accordiog 
to  the  astronomic  doctrine,  the  reason  of  this  is,  tbat  the  pnr- 
littles  BO  adhering,  and  lying  g^dll  witb  tbc  baan,  rotate  or  turn 
round  on  ibc  water's  axis,  in  Uiai  direction,  while  the  rest  of 
wstvr  stiinds  still.     "  Credat  Judau*  ApeUa;  mm  «?o." 

(ialiteo  eayg  that  a  body  suspended  Ireely  in  i>pac-e  natural 
without  any  moving  cause  aoquirw  a  ixitation  round  its  uwu  cen- 
tnr.     But  a  moving  cause  there  roust  be,  and  the  cause  of  the 
I  water's  rotation  is  thi&     Tbu  different  parts  of  the  wotirr's  mam 
I  have  cbflcrent  orbito  of  rerolu1Jon«,  and,  if  tliry  were  to  keep  to 
I  these  ortuts,  there  could  be  no  rotation,  ami  the  same  point  would 
f  be  oonslantty  presented  (o  the  centre  of  the  orbit ;  but,  as  thoy 
are  all  carried  round  their  orbibt  with  precisely  the  suoic  degree 
of  veloi^ily,  by  virtue  of  condnued  impulse  of  the  same  gin^ 
moving  power,  that  point  of  the  circumference  that  is  in^e  ofUiB 
orbit,  aui)  nearest  tbe  experimenter,  can  find  i<pace  for  iIj; journey 
only  by  going  outside  of  its  orlnt,  and  oonseiiuenUy  turning  it- 
self and  tbe  whole  mass  round  on  its  axis  to  the  same  extent, 
while  the  uulvr  portion  iif  the  circumfercnc*^  a«  ncccstsuily  fall* 
williiu  it«  proper  orbit,  leaving  the  centre  alone  to  folliiw  tbe 
mean  orbit  of"  the  maas.     In  this  way  the  three  points,  namely, 
the  outermost  point  of  circumference,  the  innermost  point,  and 
the  centre,  travel  precisely  tbi;  same  dist;ino(',  in  the  sntne  lime, 
with  the  same  velocity  ;  thereby  causing  a  rotation  of  the  body 
roiuid  its  own  axis ;  or,  whnt  ia  tbe  same  thing,  preserving 
perpendicularity  and  parallelism  of  its  purticlft^  while  Oie  axis 
coiitiinially  changing  its  place     This  may  be  nirtber  illustrai 
in  the  followinf;  manner.  ^^ 

A  body  reviilvitig  in  un  orbit  ha«  n  certain  definiro  brcndt)M| 
whereby  it  happens  that  its  outside,  or  tbe  outer  juirt  of  ibt  ci^H 
cunifercncc  is  fiuther  distant  than  the  inside  or  inner  (Nirt  of  tlie 
circumference  from  the  t^entrc  of  the  orhiL     Cuuwriuently,  in 
travelling  round  the  orlnt  these  outer  parts  have  a  longer  sfefoe 
to  run  through,  which  they  can  only  accomplish  by  means  of  a 
greater  degree  of  relwity.  But,  if  it  were  rcquircil  tlwt  the  outer 
and   inner  poinlfi  of  circumference,  A  and  B  should  proceed 
with  neither  more  nor  t(»e  tlian  preciselt/  the  same  tUt/rfe  ofv^  ii 
locity  M  the  centre  C,  and  yet  complete  their  rcrolntioD  in  j"^! 
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eucltf  the  tameptriodoi  tjin«,  how  would  tii«y  Iw  aMu  hi  pt^fiinn 
ao  nurvellons  a  feat?  Suppose  tbe  eight  ciixrles  (fig.  7)  to  re- 
present a  globe  revolving  id  a  orbit  round  E.  Suppose  the  cea- 
IPC  of  tliu  revolving  globi;  to  be  precisely  240,000  miles  froin  tbe 
i:«ntr«  E ;  nnd  it.<  own  diameter  to  bc  just  20()i)  milex  Its  cen- 
tre, therefore,  uiU  (l<!8cribc  an  orbit  of  1,440,000  milea  in  at- 
cumfvrtDoc ;  but  the  corresponding  orbits  of  tlic  points  A  and 
B, m bidiiu\!  ench  lOOOmiles  from  C,  will  be  reitpcctively  1,434,000 
and  1,446,000  miles.  To  gettbrough  these  orbits,  MMeAunel^ne, 
A  would  have  to  travel  with  a  less,  and  U  with  a  grester  velocity 
than  C ;  or,  if  they  did  not,  it  would  happen  that  when  C  com- 
pleted its  rcvolutiou,  A  would  be  6000  miles  in  advance,  nnd  B 
oOOO  behind  it;  buteobw-ion  of  the  parts  prevents  them  ever 
Betting  liirther  nway  fro»i  C  than  1000  milai;  itnd,  therefore, 
Uiev  Qiuiit  proceed  in  8ome  other  way  than  by  orbits  concentric 
witii  C'b.  In  caeli  octant  of  the  supposed  case,  the  difference  in 
tbe  lengths  of  the  three  octants  is  760  miles;  As  octant  being  so 
much  .ihi^rtir  than  Cs,  and  G's  so  much  Hborter  than  H's.  Sup- 
pose their  revolution  to  be  elfected  by  msans  of  a  force  acting 
in  the  diifctioTi  of  ibi-  centre  C,  or  in  such  other  way  as  that  all 
the  tltn-e  poinu  shall  travel  with  precii«(;ly  the  »anic  degree  of  vo- 
locity.  When  the  revolving  mass  hui^ies  its  tiret  octant  and  reach- 
es tlio  positiou  No.  2,  A  will  have  run  through  its  oim  proper 
octant,  and  760  miles  more,  for  which  it  finds  room  by  running 
to  that  diHtanec  outttde  of  its  orliit ;  while,  on  the  other  hand,  B 
saves  a  like  distance  by  falliug  760  miles  within  iis  orbit ;  ao  that 
all  the  three  points  have  trnvelled  precisely  the  eame  difitsnco  in 
the  same  time,  each  180,000  miles.  The  points  a.  Jind  s  now 
come  into  play,  ai  the  outer  and  inner  points  of  cii-cumfereooe: 
when  the  mai^s  completes  ita  second  octant,  a  is  (bund,  like  A,  to 
have  nin  another  750  railcs  outside  of  its  orbit,  while  z  bus  fol- 
leo  within  its  orbit  to  the  same  extent  The  points  h  and  y  now 
come  into  play,  and  repeat  the  operation,  and  so  on,  through 
(Iw  remaining  octants,  so  that  when  the  revolution  is  completed, 
A  hiia  made  up  it*  di_-iiciency  of  6000  miles  by  revolving  or  ro- 
taUng  r«un<i  C,  whose  external  circumference,  containing  tbe 
pohits  A  and  B,  is  cxactty  of  that  dimcnaon  ;  while,  on  tbe  otlier 
(land,  B  has  eavcd  6000  milea,  by  constantly  falling  luick  in  tlw 
opposite  direction ;  and  the  general  result  of  the  process  is  that 
the  tlirec  points  have  travelled  precisely  the  same  uumbcr  of  miles; 
C  along  the  mean  orbit  of  the  mans;  but  A  anil  B  along  two 
new  orbits,  each  of  preci--ely  the  same  dimensions  as  Ca,  hut 
drawn  round  different  centres,  corresponding  to  their  respective 
dLimctrie  distances  from  C.  Their  orbits  are  indtcati'd  in  Itic  din- 
erom  by  the  two  dotted  drcles;.  In  no  other  way  could  tlie 
root  have  been  accomplbbed,  than  by  A  and  its  enccsEBors  a,  b. 
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(■,  &c.,  in  s\K.'co8Mnn,  hinting  the  nuus  roiiiKl  on  its  axis  to  the 
extent  of  onofighih  part  of  itji  eimitiifvri>iii-«  iliiriug  itn  progren 
alone  caci)  uclant  of  the  orbit,  while  B  attd  its  aocoewors  were 
simiiltnticoiuh-  fulling  tmck  to  tlti-  taxDc  extent,  tn  the  oppo«U« 
dirocliou.  Whatever  W  the  sixe  of  the  rovoUing  body,  and  m 
proportion  to  the  circumrereDoe  of  ila  orliit,  the  proceas  jitul  tlie 
muit  will  he,  in  all  cases,  prcclitfly  the  same.  It  may  be  scareelv 
neoesMry  to  nild,  lliat  wluit  tskcs  place  nitb  the  octuiit  points^ 
happoDs  oqiially  with  every  one  of  the  l>o<ty'«  intervening  p<»nti^ 
»11  of  which,  at  erery  instant  of  progredaion,  take  precitM>ly  tlw 
same  coiinw  a«  the  ucUtnt  points  specially  rrftrrud  to.  At  eincrx, 
instant  ciich  of  ttn'tn  Likcx  ii  .-^K^p  forward,  while  tlte  axiit  U  turojMJ 
in  the  ojiposite  direction,  Hiihout  mrryiiig  them  back  to  dS[ 
origiriiil  places,  relatively  to  itself. 

This  gr<^'ut  iiiii^tnkv  of  G:iliIeo's,  later  iutruiioiiners  wmI  me- 
chanicians have  fully  adopted ;  and,  believing  the  inuon  to  be 
tiurly  represented  by  the  water  in  the  baan,  and  that  the  water 
so  plni-ea  doe»  »ot  rotitte,  thoy  have  very  tmturally  indeed,  bat 
too  hastily,  juin])ed  with  him  to  lh«  ooucIu-muii,  ilutt,  to  eiwUu 
the  mooD  to  "briiKf  the  .laine  point  of  her  circumference  eotitinu- 
ally  back  to  tlie  rudius,"  she  must  hare  a  power  to  rotate,  and 
does  rotate,  in  a  direction  '^euntraiy  to  that  of  iwr  R-volution." 
*'  Contrary,"  the  direction  of  tliis  alleged  rotation  mnst  !«■  citlleci, 
for  unless  it  were  "  contrary"  it  could  not  be  true ;  and  yet,  "con- 
trail," as  it  is  called,  it  is  not  the  loai  precisely  in  tba  some  lii- 
rtetion  as  the  line  of  revolution;  for  it  h  from  west  to  esurt,  and 
the  revolution  ie  so  too.  Galileo  might  have  taught  them  hel- 
ler, for  he  rightly  says,  that  the  w«tcr's  visible  rotation  in  tbe 
basin  is  eontrnri/  to  the  dii-ectiuii  of  ihv  basin's  orbital  revolu- 
tion; and  if  that  be  correct,  as  it  unquestionably  is,  then  luufA 
the  moon's  ulleged  rotation  in  the  opposite  direction,  from  west 
to  east,  Iw  not  eontrary  to,  but  in  tlie  xamt  direction  as,  the  ro 
volution ;  and,  being  in  the  same  <lirection,  it«  inevitable  result, 
if  it  existed,  would  be  the  presentation  of  every  part  of  bcr  ciiv 
cunifcreiH'e  in  succession  to  the  earth.  As  a  whe<d,  nioriog 
along  a  rail,  and  rolling  forwnnl  in  the  same  direction,  nirries 
every  part  of  its  circumfei'ence  in  suoci^wsion  to  tJie  rail,  and  {ta^ 
a  etraij;ht  line  drawn  ncross  it  through  its  axle  perpendicular  to 
the  rail,  bo  would  the  moon,  revolving  as  she  docs,  and  roljithi^ 
as  alleged,  in  precisely  the  same  way  as  the  wheel,  carry  every 
part  ol  her  circumference  past  her  radius-vector,  and  all  rouoa 
about.  But,  besides  iKloptmg  Galileo's  error,  some  of  them  have 
made  a  far  greater  mist-ike  of  their  own,  for  tlii-j  luivc  ^upiiusiyl, 
wtint  he  did  not,  thai  there  is  a  third  iioesible  way  of  an  oiwenr- 
ter's  »ceiug  the  w!iole  drcumt'ercnce  of  a  j,dobe,  namely,  by  bav- 
ting  it  carried  round  about  him  » ithoul  turning  round  on  its  own 


(ixi*,  or  any  other  point  op  pivot  of  revolution  in  his  pne^noe. 
Sucb  a  result,  without  rotaUoii  or  turuiiig  rouiiil,  is  pliiinl)-  im- 
poestUc,  Mid  the  ohjeiA  of  Jill  ru}-  ar^uisvuu  and  expcrimente  in 
to  Bhow  that  it  is  ao.  In  tliitt  reiipect  tbey  lisve  acted  quite  in 
the  spirit  of  the  Itolomcaiis,  wbu  went  oii  continually  adding 
new  cyclL-«  luid  (^'picycU-v,  to  i-xpUin  thu  pb«numciiii  of  tbu  uni- 
vera*:,  till  t'oiKiruicuH  dt.ipliiyeil  to  tlicir  aatuiiifihed  eyca  the  sim- 
ple truth,  aod  dcniolid!)Pii  the  complicated  iabric  that  had  been 
tbo  KvrL  of  iniiriy  ingoiiious  niiods  diiring  many  agv*.  The  ro- 
tation which  aHtroiioua-r.-'  .-i»i-ribe  to  the  moon  is  just  ua  purely 
hypothetical  and  groundleiid  as  nny  Ptoloincaa  epicycle ;  yet 
Ins  tills  doctrine  bcco  allowed  to  reinata  for  almost  two  outiturim 
a  foul  bUit  on  the  tvniplc  tlivy  have  reared  to  the  glory  of  physi- 
cal acieiiee. 

In  Uic  article  AsTKo.voMy,  in  the  EucyclopRslia  Edinenns, 
(L  510,) Slid  to  bttve  U-wi  written  by  "Kioorge  Bueltauan,  Esq., 
Civil  Hngineer,  Edinburgh,"  the  moon's  rotjition  Is  thus  described 
ood  demuustrated : — ''  i  rum  the  motion  of  the  aolur  spots  lias 
bevn  inferred  the  rotution  of  the  sun  on  his  axis.  Tlie  same 
cotKluxion  is  drawn  in  rv^ird  to  the  iiiuon,  from  the  apparent 
met  of  her  spots.  For,  as  we  go  round  and  round  a  building 
when  wc  wisli  to  have  a  view  of  it  on  every  sldcr  in  tbe  Miue 
uMimier  would  tlio  moon  prctCDt  to  us,  in  succewion,  every  por* 
tiou  of  its  surface)  if,  without  moviog  uii  its  axis,  it  only  revolved 
round  tile  earth,  the  appraranceg  being  evidenltif  the  larne  as  if 
the  tarth  toeiU  round  and  routid  the  moon  at  n3t.  Thus,  if  a 
KjMCiator  oil  the  eurtli  Bhould  observe  a  rcinarluible  spot,  S,  (tig. 
8,)  OD  tbe  cenlri:  of  the  full  moon  ut  M,  he  would  evitUntly  lose 
sight  of  it  by  the  time  the  moon,  if  immovable  on  Iter  (i«>,  arrived 
at  tier  quarter  ut  m ;  and  another  spot.  *,  which  lie  did  not  at  firat 
obicerve,  would  now  occupy  thu  «iinie  centre  position ;  and  In  order 
tliat  the  same  spot  ba  at  tiihl  should  still  be  obeencd  on  her 
centre.  It  would  be  absolutely  necessnry  for  her  to  make  a  ijtuir- 
tcr  rotation  in  ii  direction  coutrary  to  that  of  her  revolution. 
When  the  moon,  therefore,  in  revolving  round  the  earth,  stJII 
presents  to  us  a  ligure  whose  general  appearance,  though  vx- 
ttvmaiy  irn^ubir,  is  always  tbe  same,  and  which  must  on  tlua 
account  bo  inidoubtedly  ttie  sumo  li.ilf  of  her  surfaet^  we  may  be 
assured  that  the  nmoii  hug  rmllr/  a  rotation  oh  it»  axis,  in  a  di- 
rection emttrary  to  and  keeping  exact  pace  with  her  rcrolutioD 
n>uii<i  the  carlb," 

To  the  eye  of  common  observers  the  sun  and  the  moon  appear 
to  be  both  alike  eaCeUitea  of  the  earth,  and,  as  such,  to  go  round 
about  the  wbulo  hcjivcns  in  very  ueorly  tbe  same  track.  But, 
if  the  one  of  them,  the  sun,  turn  »\\  his  axis,  and,  by  so  turning, 
show  a  succession  of  s|>oLs  flilliug  across  liis  disk,  should  mc  not 
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exitcct  to  8M  Uie  bbihc  c€ect  produced  by  tlie  rotatUm  of  lli«  oUxr 
lanoTing  bodj*,  the  tnooii,  in  circumslaaoes  so  prcciecly  ^miUr  y 
'Vo,  says  Mr  B. ;  fur,  thotigh  Uie  flitti:^  of  tlie  <[>ots  wnxfs  Uio 
taa^  didt  is  Ibe  effect,  tlte  sign,  and  the  evidence  of  bis  rotaluin. 
Land;  coQ»equentl)',  were  lie-  not  to  rotate,  tkcscejiota  would  steod 
^ti]l;  yvi,  is  tlic  standing  ntill  of  tbespobton  the  loouii'^  fncc  ibc 
«ffi'n,tl>i;»igD,aiid  tbeeTidcnceof  tier  rotation  nUt)!  liiiI,oii  wlutl,^ 
principle  be  could  found  sucli  nn  answer  is  anvthing  Imt  evidefll;^^ 
kaud  it  K  iuEunisliin];  ttiat  tl>c  ^fatviuniEof  lii^ouniir^^mentdid  nut 
rBudcv  iiini  donbt  the  trntb  of  tbe  received  (loctriiio  on  (bii  t>ub-, 
ject.     To  make  bad  worse  be  proceeds  tlius ;  **  As  we  go  nt 
ami  round  a  building,  nlicn  wu  wi^b  to  linvc  a  j'kw  of  it 
cvor^wle,  in  ibc  Hame  manner  would  tbe  moon  present  to  usial 
OKCttBioo  every  portion  of  its  surfaL-e,  if,  willioat  moniitff  an  ilA 
on^  it  only  rcvulvod  round  tbe  curtli,  the  appcamnces  being] 
kfvulm^  thf  atmc,  as  if  tlie  e,irtb  went  ro\in<l  und  round  llie 
rmoon  at  reto."     Such  is  a  specimen  uf  tbe  rraamiiig  wilb  whicb 
ostroRomcrs  Kttc-mpt  toJuMtiiy  tlidr  puradox  i  and  such  reasoning 
baa  k-en  duemctl  suiBcient  tu  overmlo  tbe  im^fragable  evidence^ 
of  noD-  rotation,  Hupplied  bv  tbe  fact  of  tbe  mooii'^t  presenting  tlia^| 
aatDc  face  continuallv  lo  tW  cartfa.     So  far,  howevt^,  aro  the  ™ 
movenivnt^i,  wbtvb  Kli*  K.  eoni[Niri.TS,  from  being  "ovideuily  the 
came''  in  ilidr  ri'^uiLs  (hat  by  a  very  ititnplt;  proof  wo  sliall  6nd 
tbem  to  be  totally  ditfereut     1  cannot,  indeed,  conceive,  and 
^K>uld  tiko  much  to  be  told,  hme  it  is  possible  for  every  portion 
in  successaou,  of  the  Hurfaoe  of  any  body  whatever,  wLctber  re- 
volving in  an  orbit,  or  stationary,  to  be  seen  by  any  ob^rrvcr, 
but  in  one  of  two  woy»;  cither  by  tbe  obeener'a  going  ruuiid  it, 
or  by  ltd  ttirning  ronnd  on  \\»  own  axi«,  or  soino  otiier  point  or 
(Mrot  of  revolution,  in  the  observer's  presence.     Tbisaltcniativc 
afibrdfl  tlie  true  oppoeites  that  Mr  R  should  have  dHitTa.iK'd,  and 
aot  tbe  observer's  going  round  the  body,  or  tfao  body's  goii^ 
round  tlie  olwervcr,  without  '*  moving  on  its  axis." 

"  If,"  proceeds  filr  B.,  '■  a  spectator  on  the  earth  should  oh- 

acTve  a  remarkable  »pot,  S  (tig.  8),  on  tbe  centre  of  the  full 

moon  at  M,  lie  wuuld  evidently  lose  siglit  of  it  by  the  time  the 

unoOD,  if  immovable  on  tier  arh,  arrived  at  ber  <]nartj.T  at  m; 

[and  another  »]H>t,  s,  wliicli  be  did  not  at  first  observe,  would  now 

Mocupy  tbe  same  centre  positJtiii ;  and,  in  order  that  the  same 

Eg|Kit  aa  at  tirst  should  still  In;  observed  on  her  cenli-c,  it  woidd 

Ibe  absolutely  necessary  for  btir  to  make  a  quarter  rotation  in  a 

^Hrfction  tymtrary  to  tfrnt  of  her  renotution.'     So  far,  however,  is 

all  this  from  lieing  "evident"  and  ''neoewary,"  thut  it  could  only 

^iBppen  in  the  case,  which  bo  tacitly  assumes  without  reason  or 

Boof,  of  tim  moon's  moving  in  biT  orbit  perfectly  free  iroin  the 

Btion  of  a  cen1n|)et^l  force;  or,  in  other  words,  if  Ibc  centripe* 
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tal  force,  or  die  eartb'e  aUracUoo  of  gravitatioD,  were  to  axt  upon 
the  moon's  I'cnliv  only,  k-afiiig  ber  circuiurer«!ii<».%  and  all  tlie 
other  molvculc«  of  l>cr  mnss  between  that  and  ch<!  cnuircfrte  to 
obi-y  the  impuloe  of  ihe  ceotrifufnil  or  taiiKimtial  force,  wlikli 
would,  in  that  case,  carry  tlicin  all  fiirv,niil  with  ihc  saujc  velo* 
dty  R»  the  centre  ilst-lf.  und  eonseqiientty  all  once  rnuixl  ah»ut 
tlutl  centre  <turing  tlie  period  of  each  orbital  revolution.     Tlie 
chuiRce,  tlien,  that  would  liRp|K-n  lu  hiti  *'  rmnarkfthle  spot  S,* 
would  he  really  tliu  cfi^H•t^  the  signs,  and  the  evidence  of  the 
moon's  rotntion,  or  turning  round  on  her  axis.     Mr  B,,  in  com- 
mon irith  other  astronom<.'r»,  Umh  uverlooked  the  very  important 
diffisfncf  that  exiats  hetneen  the  moon  moving  umfcr  the  anta* 
gonisl  centrifugii)  and  centripetal  forces  and  an  artilicixl  hody 
of  the  same  form,  a  glohc  or  a  disk,  which  may  be  made  to  roo»o 
in  an  orbit  under  the  itillumice  of  tii<!  tangentiftl  force  alone,  per- 
fectly free  fntin  any  centripetal  atlraclion.    Such  n  body  may  be 
made  to  it/tiiffie  in  a  certain  way  round  its  orbit,  pn;»nting  every 
point  of  its  circuinlerciice  to  the  erntrc  of  tliiit  urblt,  appartntly 
without  roliiting:  but,  even  in  that  ca^e,  a  real  retro* rotation  or 
hackirsnl-liiruing  of  ihc  shuffling  body  on  its  own  axis  can  easily 
he  proved ;  and  witfiout  rotiitiim,  either  biiokwiirdu  or  forward, 
tlie  presentiitiou  tif  cvei'y  point  of  its  circumfen'nce  lo  the  cen- 
tre of  itA  orbit,  or  to  a  spectator  within  the  periphery  of  tike  or- 
bit, is  perfectly  impossible.     On  the  other  luind,  were  tliis  arti- 
ficia]  moving  body  to  be  subjected  to  a  centripvtAl  force,  in  the 
shape  of  n  striitg,  or  other  material  vinculun),  cuniwding  any 
one  point,  or  bv  two  strings,  or  other  material  vincula,  conrect- 
iag  any  two  diuun'trieally  oppisite  pointitof  its  circumference 
with  tile  c4SHlro  of  its  orbit,  it  mould  then,  in  every  orbiUil  revo- 
lution, necessarily  and  inevitably  present,  like  the  moon,  tlie 
same  tace  continually  to  that  centre,  without  requiring  any 
**  <inarter,"  or  coiiiplotc  "  rotation,  in  a  direction  contrary  to  that 
of  iti  rerolulion." 

Graveaande'a  illustration  is  this:  "  Tlic  effect  of  liie  moou'« 
motion  round  hernxtsis,  lliulshe  Inrnxioittiniudly  the  same  &oe 
to  Ihe  earth.  Sujspone  the  moon  in  N  (lig.  S);  the  fac«  looking 
to  the  cartii  ia  w  n  i.  If  the  moon  were  not  to  rotate  on  lier 
axis,  and  ber  individual  purtidc^  were  to  move  fornard  in  paral- 
lel lines,  the  line  mi  would  coincide  with  the  lino /»,  in  the 
moon's  position  B,  and  the  hemisphere  »i»t  would  coincide 
with  i  m  n.  But,  seeing  that  while  the  moon  describee  the  quar- 
ter of  her  orbit,  she  nlw  iiccomj)liahcs  the  fourth  part  of  her  ro- 
tation, ihe  face  which  i>hould  coincide  with/mn  xa  )n»r,n,t; 
tltal  is,  again  looking  to  the  earth  T.  In  the  same  manner  is  it 
prori-d  that  the  r<imo  face  m  n  ('  is  m^en  by  n  »)Ks;tator  on  the 
earth  in  the  poiiilioiia  P  and  E."  J'hilosofhi^  NetrloHtiiHte  In- 
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rtitidvmet,^e.J.,eidaelAi>utflodami,n28:fu.ni.i»^  7,  p.  38^" 
The  noted  particle  i/ncrvr  occn]>ied  «  more  inijwrURt  pluoe  Uian 
liere.     Givr  fill  tluit  Iw  i¥ijiiin<»,  and  the  conclusion  of  bis  argu- 
nKiit  would  he  corrt.>cL     Itefufic,  aud  it  falls  to  tlic  gruutid  at 
ouce.     Tho  moon  docs  not  rotatv  on  licr  nxiH,  iwr  dn  lirr  pHrti- 
cicv  move  in  purnllel  liiie«i    tlH-y  move  iu  conceuiric  dlipMS.q 
Another  iUustralion  substantially  ibe  same  as  this,  le  to  abovr  tlutj 
It  body  niovinu  nluiig  ttic  diaeonul  of  h  squaru  or  ]Kinillulograni, 
would  reach  the  vnuaf  the  aiagonal  nitnotit  turning  round  oq 
Its  axis.     So  it  would  nioet  certainly ;  but  the  propoutidcT^  of 
that  Uluttration,  a*  wvll  ss  M.  GraTc»mdc,  for^t,  or  orvrlooli 
the  (act,  that  iIk!  inotm  or  oUkt  budy  revolving  in  an  orbit  hax  a 
certain  UiickncBa.  and  thut  the  molecules  of  its  mass  describe  dife-    , 
rent  orbits  of  difTcrcnt  dimcnuons  in  j)roportion  to  tlK-ir  di«Uuioc^l 
firom  till-  orbit's  centre,  tind  that  at  ccfry  iiagh  of  the  rhombus ^| 
or  four  squares,  which  ihey  niak«  msk-.  of  to  illustrate  tho  ntooD'e 
orbitiil  revolutioD  and  rotation,  the  point  of  tbo  circunJirrcnoG  a, 
in  onv  wilh  tlu^  radius- vector  at  slurlmg,  in  carried  9Cfi atDay/rim 
iJu  radiut,  and  that  at  each  of  these  Mnvleit  the  direction  of  the 
line  i>f  motion  is  also  changed  90° ;  and  that  these  four  chaogcsof 
W  eacli,  make  up  a  complete  rota^on  of  a  ruuiKl  tlic  axis,  dur- 
iDg  the  nrbittd  revolution.      In  fnct,  the  only  sulstaiitial  diScr- 
tticc  bet  ween  the  caae  of  revolution  in  a  circle,  and  revolution 
along  the  four  sides  ofa  square  or  a  rbombusi  is  that  in  thcformcr 
caee.  tbo  rotation  is  pertbrmed  gradually   and  imperceptibly, 
and  in  tlic  latter  only  four  times,  to  the  amount  of  90°  at  oimc. 
Ii  K  trtio,  that  in  the  latter  cage  the  rotation  m  effected  by  meant 
of  the  a\is  Wins?  four  times  drawn  back,  away  from  tlic  iidvauced 
point  u;  but  the  reisult  is  nut  the  le^  precisely  the  same;  for 
round  about  the  axis  a  pnicecdit,  and  this  is  proved  irrcfragably 
by  its  asanniing  every  varying  degree  of  angular  distance  in  its 
progress  away  from  and  bark  ngiiui  to,  tlic  radiu»-vector  facing 
the  centre  of  the  square^     If  the  body  were  to  stop  at  any  angle, 
or  in  the  middle  of  any  side  of  the  sqiiaret  and  turn  once  round 
on  its  axi:^,  from  cast  to  west,  while  the  »(|iinrc  wait  carried  past 
it  in  the  same  direction,  it  would  exhibit  all  the  phenomeiu  of 
paralldUm,  associated  with  unquea  lion  able  rotation. 

In  the  article  Moon,  in  the  Penny  Cyclopiwiia,  th«  author 
proceeds  in  the  usual  manner.  "  Tho  di.scovery  of  the  telescope 
and  the  examination  of  the  moon  which  followed,  Eoon  showed 
that  the  planet  always  turrn,  the  same  face  towards  tho  eartli,  or 
very  nearly.  Frmn  Itata-  it  iiamiuiinUly  fallotM  that  Ihf  moon 
mast  rcVMVf  round  an  axis  in  the  name  time,  an  tlmt  axis  reoolvtt 
ruwid  t/tr  earth.  If  any  one  slioulil  walk  round  a  circle,  with* 
out  luj-iiing  himwelf  round,  tliat  is,  kveping  hisfaix  altcai/*  ia  ikt 
ante  direcltoH,  he  would  present  alternately  bin  front  ami  back 
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B  ttw  interior  of  the  circle  But,  if  he  dnires  to  turn  hitt  taee 
atwnys  iiiwxrcbt,  be  must  torn  round  in  the  same  dircrtioa  m  he 
wulk^  round."  The  logic  here  is  the  smnc  aa  Mr  Buchanun's, 
»nd  is  ju»t  It  new  vcnSon  of  iho  old  fallacy,  which  I  have 
already  detected  and  exposed; — taking  tor  granted,  as  an  in- 
dubitable fact,  what  is  nevcrtheU'88  a  physical  impoHsibilitjr, — 
the  presenting  of  "  every  pnrt  of  its  eircnmfcreuec  in  sueocs- 
ffion  to  the  centre  of  ita  orbit,  hy  a  globe  rcvolvins  in  an  or- 
bit, ttithoul  rofalinff  on  its  ojris.  Our  walking  gentleman  him- 
self shalt  prove  this.  Let  liini  he  tied  to  tin-  ci^nlrc  of  hiji  cir- 
cle, a«  the  moon  in  to  hera  by  her  centripetal  radiits  of  gravi- 
tation, and  then  lot  him  walk  round  the  rircic, //"A*  <•(/«,  With 
bis  bee  constantly  pointed  In  ttie  muiic  direetion  \a  »  diatjmt  ob- 

i'ect  oiit«i<l(!.  He  will  find  the  latter  condition  impmciible  unless 
ie  lum  liackward  on  his  own  axis,  elmultaneouely  with  his  for- 
ward orhitfll  moveniL'iit,     Suppose  him  tii  he  tied  to  his  circle  by 

a  ooi'<l  tixi'il  rmmd  lil.i  waiat.  As  he  moves  round  his  orbit  he 
will  find  that  the  nooso  will  make  him  keep  the  tame  tide,  or 

Jac*,  or  bfick^  as  the  caae  may  be,  directed  constantly  to  the  cen- 
tre of  the  circle,  unless  ho  draw  hini^'rlf  eontiniiHlly  away  from 
its  knot  and  the  radius-vector  by  moving  "  left  shouhlent  for- 
ward." One  of  two  thin^  scemg  perfectly  certain :  either  the 
nooee  and  it.f  knot  r^rolve  about  the  man,  or  the  man  tuniM  back- 
wanl  on  his  own  axis  within  the  noose;  but  the  knot  being  fixed 
to  the  radiiLs,  and  the  radius  to  llie  centre  of  the  circle,  it  i.-!  ([uite 
obt'ioUB  that  they  cannot  revolve  about  ibe  man,  therefore  it 
miwt  bir  Ibe  man  that  relro-rotat^s  within  the  noose.  Tbia  lias 
been  abundantly  shown  alrcatly,  and  is  jnsl  anothi^r  vci'iii()n  of 
tile  water  in  the  basin,  l^et  the  walking  gentleman  turn  round 
again  on  his  own  axis,  in  the  direction  of  "  right  shoulders  for- 
ward," within  his  noose,  while  going  round  his  circle,  and  he 
will  6nd  bis  face  and  back  and  two  sides,  in  turn,  or,  tn  other 
words,  •'  every  part  of  his  ci re u inference  in  succMsion,"  present- 
ed to  the  centre  of  the  circle,  thereby  completely  dinprotiiig  the 
doctrine  be  was  brought  to  prove,  namely,  that  the  moon's  present- 
ing the  siime  homisiilicre  continually  to  the  earth  i.t  the  effect  of 
her  rotation  on  her  own  axis,  from  west  to  east,  the  same  direc- 
tion which  the  experimenter  had  last  taken,  in  his  turning  round. 
Tlie  autlior  of  this  eyelop<nliac  article  has  just  assumed  itiat  the 
ssmeeflecta^  would  beproduw^l  hyaiicrsou's  moving  first  straight 
forward  along  a  given  line,  aini  then  moving  straight  Ixickward 
to  his  starling  point,  would  be  produced  were  he  obliged  to  go 
ont  of  his  stmignt  pjitb  ruund  some  intervening  obstacle,  such  aa 
a  round  table  pUced  upon  the  line.  But,  in  the  latter  cnso,  he 
would  be  obliged,  in  going  lix>m  north  to  south,  for  instance,  to 
shuffle  out  of  his  way  to  the  l«f^  and,  in  returning,  to  shuffle 


62 


trti- 

i 


pgain  (o  the  right,  in  order  to  get  round  about  the  obstacle,    tnj 
Faking  tlieae  sliuffles,  the  ooposte  |ioiDt9  of  bb  own  cirxnisde-' 
Ijtenoc  erou  each  otker't  patOM ;  becaose  at  ittccv  iDstont  of  pro- 
f  gresaion  tlw  ocatruJ  axii*  of  his  body  clian^  tlw  directioD  of  ilt 
I  fine  of  motion,  without  the  points  of  liis  circutoferetKC  tamiac 
[  bock  ill  llie  same  proportion,  ih)  aa  to  occtipy  always  tlit-tr  on. 
ginal  places  on  tlio  iuiiir  side  of  the  axis.     TItis  certainly  does 
Bot  happen  wlien  lie  moves  straight  forward  and  backwarcl ;  and 
lbe»e  crossings  of  the  diffvrent  orbile  described  by  the  difFcrt-ii? 
points  of  bi»  own  circumference  arc  equitutvni  to,  and  prectM^h 
ettat)  on«  complete  rotation  on  his  own  axis.     All  Ute  parts  q 
any  l^wizontal  scetiou  of  tiis  body  move  with  the  sbtiic  velocity 
and,  to  enabk!  thein  to  move  through  cfjual  epeeos  in  eq 
lioKS,  tboy  must  find  room  for  thdr  morement  by  some  going 
the  outside,  while  others  arc  fulling  back  to  the  ioMdv,  ol  the  or^ 
l»t  described  hy  hie  pcrpcodicubr  rcntrul  axis;  and  ihe  rettcna 
why  bv  keep  his  iaice  always  in  the  same  direclton,  white  lie  ii 
really  rotating,  is  that  what  his  circumference  gains  liy  rulalioo 
in  one  direction  is  lost  by  his  centre's  moving  forward  in  iheiXH 
positc  directtoQ.     Common  sense  might  tell  him  this :  but  tne 
string  and  the  noose  round  his  body  oonSrro  it^  dictates  node- 
luably.     Ibd  some  would  be-  the  result  of  his  shufHtog  along  ihe 
four  sides  successively  of  u  square,  or  a  purallclograro,  or  t 
rhumliti?,  with  his  face  looking  invaluably  in  Uie  san>u  diredioii ; 
north,  or  south,  or  e^t,  or  west,  as  the  case  might  be.     A  t  each 
of  the  four  i;orners,  all  the  jn.iiitj'  of  his  body  cross  each  otlier^ 
I    patliH  horizontally:  and,  as  before,  titese  horizontal   cro<einEB 
amount  to  one  complete  rotation  round  his  per^ienilicular  axia 
To  make  the  experiment  more  complete,  let  iiim  tie  himseir  U 
the  centre  of  his  circle  by  a  slack  cord,  vimply  attached  to  a 
button  or  button-hole  of  his  vest,  without  a  nuu»e,  and  then 
shuffle  round,  with  bis  face  always  looking  in  tl»e  uttac  diroc- 
tiou.     \V lien  lie  coinjiletcs  his  rcToliition  he  will  find  the  cord 
drawn  round  about  hmi.     Plow  could  it  gi't  into  such  a  position 
unless  ho  liad  turned  himst-lf  round  on  iiis  own  sxi«,  and  drawn 
it  round  along  witli  tluit  point  of  his  outward  man  to  which  it 
was  attached?     It  has  not  crept  round  about  liim  of  itself  It 
8  living  seriKint ;  yet  has  it  been  stretched  out  to  tlw  extent 
a  whole  ('ircumference  of  the  moving  body ;  a  foci  Ihat,  I 
flume,  can  only  be  accounted  for  by  that  body's  having  tu 
''    rouud  on  its  own  axis,  and  drawn  the  cord  round  about  with  it. 
Let  him  rluw,  for  a  tluul  experiment,  just  stop  at  any  iwint  of  the 
circle,  xitii  his  fnw:  to  tiie  centre,  mid  the  cord  attacbi^t,  xh  be- 
fore, to  his  button  or  button-lioie,  and  turn  himself  once  round 
.    on  iiis  own  axis,  from  east  to  west,  or  with  hi*  right  shoulder 
h  backwards.     The  cord  will  l«  dcawu  round  about  him,  and  tbi^ 
I  ^  ■ 
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r»uU  will  be  ai]tDitU»l  to  be  the  eSbct  of  liu  reUo-rotuUon.  B^^ 
wbeD  pn.'ciM'ly  tl)e  tame  'fffct  is  praduoed  grndually  during  an 
orbiUu  revolution,  what  is  so  likely  to  produce  it  us  the  tame  catavf 
tbe  rerolving  body't;  nitrorotatiou  on  ittt  axiH,  in  a  direction  cm- 
traiy  to  tlmt  of  tli'c  revolution  perforined  by  the  axis  it^lf  ? 

Tlw  Marqwi*  de  la  Place,  in  his  "  System  of  the  World," 
translalod  by  J.  Pond.F.  It.  S,  (tbo  Into  Astronomer  Royal,) 
Book  L  eh.  iv.  p.  59 — 62,  wiy^  "Tlio  lun.-ir  dink  cootains a  great 
Dumber  of  invariable  spoti^  whicb  have  been  observed  and  8u>- 
eunitely  described.  They  shew  us  iliat  tliie  body  always  presents 
to  ue  very  nearly  ttic  same  bemispberc ;  it  turni  then  tijwii  it«elf 
Id  a  period  equul  to  tta  rotation  roun<l  tiie  earth,  for  if  ve  ima- 
gine an  observer  placed  at  the  centre  of  the  moon,  supposed  trana- 
parenl,  be  will  sec  the  earth  and  its  visual  niy  revolve  about  him. 
Mid  aince  thia  ray  always  iuIi-riKH^U'  nearly  the  N»me  point  of  t)i(i 
lunar  surface,  it  is  evident  that  this  point  must  revolve  round  the 
E]]ectator,  in  the  same  time,  and  in  tbc  same  direction  at  the 
Mrth.  Nev(trthc!>.w,  eoutinuwl  obacrvaiioD  of  the  luuvir  disk 
bae  discovered  some  small  diversity  in  thet^e  aptiearances ;  the 

rs  nro  pcreeired  to  nppruacli  to  and  recede  alternately  Irom 
limb;  those  tliat  aru  vsry  near  the  i>xtrcmily  iipjH-ar  and 
^sappear  successively  by  periodical  oscillations,  wliicii  luivt-  been 
diatinguisbcd  by  the  naiuc  of  the  iibration  oft/te  moon.  To  fonn 
a  just  idea  of  the  principal  eausvs  of  this  phenumcnon,  we  should 
consider  that  ihe  di^k  of  tbc  moon,  aoen  from  the  centre  of  tbe 
earth,  is  lerrainated  by  a  great  circle  of  tbe  lunar  ghilic,  perpen- 
dicular to  tbe  radius  (Irawii  from  this  centre  to  ihat  of  tbe  globe. 
It  is  upon  tlie  |)lane  of  thin  great  circle  that  tbe  bemispbei-c  of 
the  tnoon  is  projected,  direcltxl  towards  tlie  earth,  ami  ili>  apjicar- 
ancc*  arise  from  its  motion  of  rotatimi  relatively  to  its  radiu3-reo* 
tor:  if  it  vraa  without  s  motion  of  i-utation  this  mditi^vector 
would  trace  at  every  lunar  revolution,  the  ci  re  urn  fere  ore  of  a 
great  circle  upon  its  surface,  every  point  of  which  would  be  jiuo- 
ouwivcly  turned  to  u» ;  but  at  the  mam  time  that  the  nidius-veo 
tor  traces  this  circumference,  tbe  lunar  globe  by  it»  revolution 
brings  always  very  nesriy  tbe  same  point  of  its  surface  to  this 
radiufl,  and  consequently  the  same  hemispltcrc  towai-ds  tbe  eartb. 
The  incfjtialittcs  of  the  motion  "f  the  moon  produce  some  snail 
variations  in  tbo  appearances,  for  tlie  motion  nf  rolation  not  par- 
taking in  u  sensible  manner  of  theee  inequalities,  it  ia  variaMe 
with  reject  to  itii  radius- vector,  wlucli  thus  intersects  its  suHace 
at  diiK'r>-nt  points.  The  lunar  globe,  therefore,  makes,  with  re- 
spect to  thi»  radius,  oscillations  corresponding  to  the  inequalities 
of  its  motion,  wkicb  eaui>cs  some  part  of  its  suriace  to  be  alte^ 
nately  concealed,  and  expo»vd  to  our  observation.  All  Ukms 
anises  pruducv  only  an  a|)parent  libralion  of  tbe  lunar  globe; 
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ibey  are  mere  optical  illusionit,  and  do  not  affecl  ils  real  me 
of  roUtion." 

It  would  scarcely  be  crwliblc  tliftt  tliis  dmiiM  have  proceeded 
from  such  u  man  as  Ia  Place,  were  it  not  in  [jorfect  {roiwisicTHy 
with  the  |)rcTalent  opiniona  of  sstranomcra  on  tliu  subject  of  the 
moon's  rotation.  "  An  obstner,'  be  says,  *•  placed  at  the  cenlre 
of  tli«  moon,  siippowsi  transparent,  imZ/jw  (Ac  earfA  aiut  its  vmuI 
ray  rerolvit  td/out  him,'"  The  ineaning  of  this  jM^swige  is  not  xtn 
obvious ;  but  probably  it  ia  this :  The  observer  mtut  bo  perfealy 
separate  front,  and  iDdvpcnd«-nt  of,  tbc  moon's  maait,  ntul  tia^hit 
of^R'voIviug  ajwut  the  earth  nnafTccted  by  tlii;  moon's  motion.  In 
this  caoe,  Mya  La  Place,  hemight  revolve  without  n;ij«ting,wl' 
the  moon  does  rotate  in  ttic  direction  alleged,  frum  wr^it  to  <'  ;.-i : 
and  tbc  re*utt  would  1)C>,  that  the  winie  point  of  the  m(Ktii'«  cir* 
cumference,  with  the  radius-vector  and  the  earth's  vi^iat  ray,  or 
the  earth  hereelf.  would  appear  succcsarely  on  every  side  of  ibe 
obofrrer,  or,  as  La  Plare  say«,  would  revolve  about  liiin  Hut 
the  ut>serverV  a|)parent  standing  still  io  thesi;  rircumstanrt-j!  it 
nothing  elac  than  tliat  rctro-rolation  from  east  to  WD^st,  which  bu 
been  mentioned  so  oft«n ;  and  the  fact  of  bis  rrtro-rot.iiion  might 
be  iwtwed  by  attaching  ihe  ob-ierver  by  a  cunl  to  that  point  of  fha 
iDOon'a  circumference  that  is  alwdya  in  one  with  tho  railiua. 
tlie  completion  of  bis  revolittioTi  the.  cord  would  be  ^Irau-n 
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about  him ;  and  tins  could  ij<it  have  been  orenHiooed  by  tbc 
revolving  about  him,  for  that  is  phyaically  impossible.  lie  will 
be  placed  in  oircutristances  precisely  similar  to  those  of  the  walk- 
ing gentlemMH,  wliose  case  wi;  h/ive  so  recently  considei-eij  ;  and 
either  gentleman  might  be  very  well  rqiresenliNi  byathimlile  or 
a  cork  pldirod  on  the  axis  of  the  magtictie  card  of  a  marine  com- 
pass carried  round  a  circle.  As  the  box  revolves,  with  tho  sanw 
point  of  it*  circumference  continually  directed  to  tlic  eenti«  of 
the  orl)it,  that  point,  with  tlic  centre  itself  and  the  raditis>vector, 
will  undoubtedly  appear  successively  on  every  side  of  the  gen- 
tleman's representative;  not,  however,  because  (hey  revolve  about 
biro,  which  is  impossible,  but  because  be  is  continually  turnidg 
himself  round  in  a  direction  contrary  to  that  which  is  uikcn  by 
his  own  nxi.iaiid  the  box  that  contains  it,  in  pcrfonning  liteir  or~ 
bital  revolution. 

ha.  Place  adds,  "since  the  earth's  visual  ray  always  intersccli 
nearly  the  wtnie  point  of  the  lunar  surface,  it  is  evident  that  this 
point  muat  revolve  round  the  spectator,  in  the  same  time,  and 
in  the  same  direction  as  the  earth."     Ko  here  we  have  a  broad 
.tjuertiun   of  the  proposition,  that   not  only  that  point  of  tho  j,,, 
moon's  circuniterence  which    remaiiii;  in  one  with  the  radiiiMHi 
vector,  but  also  the  radius  itself,  and  the  earth  which  it  repn^H 
^^ta,  aetttnlly  revolve  round  about  the  mom's  etntrt.    Sucli  a  re- 
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volution  is  just  as  impossible  as  it  would  he  fur  a  cannon  ball  to  fly 
from  earth  to  heaven,  and  again  from  heaven  to  earth  and  round 
about  the  stars,  without  moving  from-  the  gun.  The  earth  never 
quits  its  position  in,  or  near  to,  the  centre  of  the  moon's  orbit ;  t!ie 
radius- vector  merely  represents  a  certain  point  of  the  earth's  cir- 
cumference considered  as  expanded  to  the  size  of  the  orbit ;  and 
a  certain  point  of  the  moon's  circumference  remains  continually 
attached  to  the  radius ;  how,  then,  is  it  possible,  in  the  nature  of 
things,  that  they  can  revolve  round  about  a  body,  or  point,  or  per- 
son that  not  only  remains,  as  the  moon's  centre  always  certainly 
does,  at  a  distance  from,  and  to  the  outside  of,  the  circle  described 
by  her  inner  point  of  circumference  ;  but  is  also  continually  in 
motion  round  about  the  very  objects—the  earth,  the  radius,  and 
the  moon's  attached  point,  that  are  said  to  revolve  about  it  ?  The 
earth  revolves  about  the  moon's  centre,  but  withovt  leaving  its 
Jixed  place,  in  the  centre  of  the  moon's  orbit,  at  the  very  time  the 
moon's  centre  is  revolving  about  the  earth.  This  is  just  the  rod 
AB  in  one  of  its  worst  phases ;  and  the  very  error  committed 
by  Galileo,  when  he  thought  he  must  have  gone  round  about  the 
water  if,  as  he  inferred,  the  water  had  not  turned  round  on  its 
axis.  The  earth,  considered  relatively  to  the  moon,  moves  not  at 
all ;  the  nearest  point  of  the  moon,  in  one  with  the  radius-vector, 
describes  an  orbit  of  1,434,000  miles;  while  her  centre,  a  thou- 
sand miles  farther  from  the  earth,  describes  an  orbit  6000. 
miles  larger,  yet  do  both  the  earth,  which  never  moves,  and 
the  moon's  point  which  describes  the  smaller  orbit,  perform  a 
revolution  round  about  the  point  which  describes  the  larger  orbit, 
and  which  consequently  remains  invariably  on  the  outside  of  them. 
How  the  earth,  represented  by  the  point  A,  and  the  radius- vector,  re- 
presented by  the  body  of  therodAB,  could  revofveaboutthemoon's 
centre  C,  without  the  earth  forsaking  her  fixed  central  position  and 
crossing  the  moon's  orbit  twice,  in  going  to  the  outside  and  re- 
turning, in  the  course  of  her  circumgyration,  far  transcends  my 
comprehension ;  and,  were  it  not  that  such  men  as  Galileo  and 
Laplace  have  said  it,  I  should  scarcely  have  believed  it  posable 
for  any  human  being  to  deliberately  sanction  and  promulgate 
an  opinion  that  seems  so  preposterous, 

Laplace  proceeds  to  say  :  ''  If  the  moon  were  without  a  motion 
of  rotation,  her  radius-vector  would  trace,  at  every  lunar  revo- 
lution, the  circumference  of  a  great  circle  upon  her  surface,  every 
point  of  which  would  be  successively  turned  to  us."  I  have 
shown  already  that  this  is  imposKble,  and  need  not  repeat  my  ar- 
guments and  illustrations  here.  But,  either  be  or  his  translator 
"  brings"  the  absurdity  to  a  climax  when  he  says :  "  At  the 
same  time  that  the  radius-vector  traces  this  circumference,  the 
lunar  globe  by  its  revolution  brings  always  very  nearly  the  same 
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[Mint  of  its  surface  to  t)it«  rttiliiis."  So  Hut  gnai  meduini- 
eiu)  teems  (o  havfi  believed  it  itosnble  for  s  rxdtm-vector  tlM 
renutins  always  poaitirely  attached  to  the  same  point  of  a  globe,  to 
describe  a  circle  all  roun<I  tlic  globe's  circinnfcroitct-.  without  ever 
leaving  or  stirring  from  ttw  {Kiinl  to  wliiclt  it  is  no  atl<K')i<x].  For 
"  at  tilt*  sumv  tinm  tlmt  the  nidtikt  irncos  the  circHmference,"  tin 
globe  ildcif,  movins  apparently  in  the  same  direction,  *'  brings  al- 
ways verj-  nearly  the  same  point  ofits  eurfiice  to  ttiis  rnditiB."  This 
moaiM  in  plain  Eligli»b,  that  the  rodiiis  rterrr  describes  any  dr- 
f  le  at  all  rotiml  tli«  moon's  circiiinfwenee,  beeame  the  wine  point 
of  circimifcr<-nc«  reinaius  nluaja  Attached  to  it,  and  will  not  al- 
low it  to  set  out  ou  itfi  cirL-umtercutial  journey^  which  in  cotis&- 
qucDOC  18  never  made. 

Far  be  it  From  ine  to  think  of  disparaging  the  fair  fame 
Laplace ;  but.  in  this  case,  ]»e  aeems  to  have  been  r^  great 
mtetakcn.  Vi  Iwtbi'r,  however,  tlie  mistake  tic  witli  hini  or  wi 
me,  and,  whctlier  or  not  I  have  nuulc  out  the  point  I  have  been 
contending  for,  1  ahnW  now  leave  it  to  the  public  to  determine, 
and  the  delennination  may  be  made  rery  easily,  for  the  dcmon- 
jttration  is  groundL'd  on  tlic  following  simple  qucsttonit:  1.  Is 
it  posable  for  a  bull,  lixud  on  the  point  of  a  rod  or  ttick,  to  turti 
round  on  iLi  axis  while  it  remains  na  fixed?  2.  la  itpoesihle  for 
a  wheel  moving  along  a  roil  to  turn  round  on  its  avn  axis,  aiul 
jit  tiiesamc  timo  keep  the  same  point  of  its  circmufcrcoce  con- 
tinually  in  contiiet  with  tlio  mil  ?  3.  Is  it  posablc  for  a  rod  or 
^ick  to  turn  i-ound  on  l>utli  of  ite  two  ends  ut  onoe  ?  or  to  turn 
round  on  it*  niiddli?  wiiile  oni^  end  is  Ik-M  fast?  Is  it  puitsiblu  for 
U  cord,  attached  bv  one  cud  to  tiie  centre  of  a  circle,  and  liaving 
ita  otiier  end  atbiclied  to  the  surface  of  a  glcbo  or  wltcel,  eitlicr 
revolving  round  the  circle,  or  reinaioing  ^tationairat  one  point,^^ 
to  be  drawn  round  about  the  circumference  of  the  globe  or  wheol,^! 
iink-ss  that  body  turn  round  on  its  axis?  To  these  questions  f^^ 
answer  No;  but  the  astronomical  doctrine  I  have  been  combat- 
ing requires  all  the  answers  to  be  in  the  uffiriniitive.  Whicli  of< 
wis  right? 

J.I 


EiUnburiih,  IStA  March  1847. 
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